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LIST OF ACRONYMS 
 
 

AGL above ground level 
ARPA automatic radar plotting aid  
BACT Best available control technology 
BAMP Breton Aerometric Monitoring Program 
Barg bar gauge  
bbl barrel 
bpd barrels per day 
BNWA Breton National Wilderness Area 
BOG boil-off gas 
Bscfd Billion standard cubic feet per day 
BSI British Standards Institute  
BTU British Thermal Unit 
BVA Barry A. Vittor & Associates, Inc. 
CAA Clean Air Act 
CCTV closed circuit television 
CFR Code of Federal Regulations 
CO carbon monoxide 
CZCS coastal zone color scanner 
DOD Department of Defense 
DOI Department of the Interior 
EEZ Exclusive Economic Zone 
EFH Essential Fish Habitat 
EIS Environmental Impact Statement 
EPIRB emergency position indication radio beacons 
ER Environmental Review 
ESA Endangered Species Act 
ESD emergency shutdown 
ESS emergency support system 
FAA Federal Aviation Administration 
FAD fish attraction device 
FCV flow control valve 
FMP Fishery Management Plan 
FSRU floating storage and regas unit 
gal gallon 
GBS gravity base structure 
GID group infrastructure desktop 
GMFMC Gulf of Mexico Fishery Management Council 
GOM Gulf of Mexico 
gpm gallons per minute 
H2S hydrogen sulfide 
HMS Highly Migratory Species Management Division 
HP high pressure 
hp horsepower 
IPF instrumented protective function 
IS intrinsically safe 
ISCST3 Industrial Source Complex Short Term 
kPa kilopascals 
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LIST OF ACRONYMS 

(Continued) 
 
 
ksf thousand square feet 
LAN local area network 
LNG liquefied natural gas 
LNGC liquefied natural gas carrier 
LOOP Louisiana Offshore Oil Port 
LP low pressure 
MMS Minerals Management Service 
MMBTU million British Thermal Units 
MMscfd million standard cubic feet per day 
MOU Memorandum of Understanding 
MRFSS Marine Recreational Fisheries Statistical Survey 
MSD marine sanitation device 
MT metric ton 
Mtpa million tons per annum 
MWA Military Warning Area 
NAAQS National Ambient Air Quality Standards 
NARP National Artificial Reef Plan 
NEPA National Environmental Policy Act 
NFPA National Fire Protection Association 
NLL normal low level 
NMFS National Marine Fisheries Service 
NO nitric oxide 
NOx nitrogen oxide 
NO2 nitrogen dioxide 
NOAA National Oceanic and Atmospheric Administration 
NOS National Ocean Service 
O3 ozone 
OCS outer continental shelf 
OOC Offshore Operators Committee 
ORV open rack vaporizer 
PA public address 
PABX Private Automatic Branch Exchange  
Pb lead 
PC personal computer 
PLEM pipeline end manifold 
PM particulate matter 
PRV process relief valve 
PSD process shutdown 
psid pounds per square inch, differential 
psig pounds per square inch, gauge 
SART search and rescue radar transponders 
ROW right-of-way 
RTR Rigs-to-Reef 
Scf standard cubic feet 
Scfm standard cubic feet per minute 
SCV submerged combustion vaporizer 
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LIST OF ACRONYMS 

(Continued) 
 
 
SEAMAP Southeast Area Management and Assessment Program 
SG specific gravity 
SOx sulfur oxides 
SO2 sulfur dioxide 
SSDS safety shutdown system 
UHF ultra high frequency 
UPS uninterruptible power supply 
USDOI U.S. Department of the Interior 
USEPA U.S. Environmental Protection Agency 
USFWS U.S. Fish and Wildlife Service 
VHF very high frequency 
VOC volatile organic compound 
WAN wide area network 
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GULF LANDING FAST FACTS 
 
 

Item Description 
Metric Units 
If Applicable 

Company and Ownership 

Terminal owner Gulf Landing LLC  

Address 1301 McKinney Suite 700  

 Houston TX 77010  

Telephone (713) 230-3708  

Terminal Location 

Terminal location Offshore Louisiana  

Block West Cameron 213  

Distance to shore 38 mi 61 km 

Water depth 55 ft 16.8 m 

Storage and Throughput 

LNG net storage capacity 1,132,000 bbl 180,000 m
3
 

Number of tanks 2  

Average natural gas send-out rate 1 bcf/day  

Peak natural gas send-out 1.2 bcf/day  

Average LNG liquid rate 12,580 bbl/h 2,000 m
3
/h 

Peak LNG liquid rate 15,100 bbl/h 2,400 m
3
/h 

Annual LNG throughput  7.7 mtpa 

Schedule and Service Life 

Terminal service life 30 years  

Construction time (to commercial 
operations) 

3½ years (42 months)  

Installation date 4Q 2008  

Start commercial operations Jan 2009  

LNGCs and Marine 

LNGC sizes 786,000 – 1,006,000 bbl 125 – 160,000 m
3
 

Number of LNGCs per year 135  

Maximum LNG unloading rate 
(intermittent) 

1,812,000 bbl/day 12,000 m
3
/h 

Terminal safety zone 0.31 mi 500 m 

Terminal precautionary area 2 mi 3.22 km 

Pipelines 
Takeaway pipelines (send-out 
pressure/diameter/length) 

psi/in./mi bar/mm/km 

Pipeline A 1,218/36/20.0 84/910/32.2 

Pipeline B 1,145/24/13.0 79/610/20.9 

Pipeline C 1,203/30/17.2 83/760/27.7 

Pipeline D 1,218/16/1.7 84/410/2.7 

Pipeline E 1,160/20/13.8 80/510/22.2 

Meters 10 in. 254 mm 
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GULF LANDING FAST FACTS 
(Continued) 

 
 

Item Description 
Metric Units 
If Applicable 

GBS Dimensions 

GBS length (167.6 m each plus 3 m gap) 1,110 ft 338.2 m 

GBS width 248 ft 75.6 m 

GBS height (above mudline) 114 ft 34.6 m 

Skirt depth 21 ft 6.5 m 

Scour protection around GBS 21 ft 6.5 m 

Scour mattress thickness 2 – 4 ft 0.6 – 1.2 m 

Facilities 

LNG containment type alternatives 

1.  Self-supporting 
prismatic IMO 
type B 

2.  Membrane 
3.  9% nickel steel 

cylindrical tank 

 

Loading arms 4  

LNG tanks (net capacity) 2 x 556,100 bbl 2 x 90,000 m
3
 

LNG storage temperature -256
 O

F -160
O
C 

Boil-off-gas rate 0.1% per day  

Boil-off-gas compressors (1+1) 2  

Re-condenser 1  

LNG LP in-tank pumps (3 in each tank) 
(2+1) 

6 x 3774 bbl/h 6 x 600 m
3
/h 

LNG HP send-out pumps (6+1) 7 x  2,516 bbl/h 7 x 400 m
3
/h 

Open Rack Vaporizers (6+1) 7 x  2,516 bbl/h 7 x 400 m
3
/h 

Superheaters (2+1) 3  

Turbine generators (2+1) 3 x 18,000 hp 3 x 13.5 MW 

Heating water  135,235 bbl/h 21,500 m
3
/h 

Heating water pumps (3+1) 4 x 50,320 bbl/h 4 x 8,000 m
3
/h 

Emergency diesel generator 1 x 2,700 hp 1 x 2 MW 

Quarters capacity 60  

Number and capacity of lifeboats 3 x 60  

GBS = gravity base structure. 
HP = high pressure. 
LNG = liquefied natural gas. 
LNGC = liquefied natural gas carrier. 
LP = low pressure. 
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EXECUTIVE SUMMARY 
 
 

 This Environmental Review (ER) has been prepared in support of an application filed 
with the U.S. Coast Guard (USCG) for licensing of a liquefied natural gas (LNG) regasification 
terminal under the provisions of the Deepwater Port Act.  The proposed project, to be known as 
Gulf Landing, would be sited within the waters of the western Gulf of Mexico (GOM) outer 
continental shelf (OCS).  Gulf Landing LLC is a wholly owned subsidiary of Shell U.S. Gas & 
Power. 
 
 This ER addresses Gulf Landing LLC’s purpose and need for developing this project, 
the reasonable alternatives considered in developing the project, including system and 
locational alternatives, and the existing environmental conditions at alternative locations.  In 
addition, the ER analyzes the potential environmental consequences of implementing the 
Preferred Alternative, its cumulative environmental effects, and the need for mitigation 
measures.  Unavoidable adverse impacts and irreversible and irretrievable impacts also are 
identified. 
 
PREFERRED ALTERNATIVE 
 
 Gulf Landing LLC proposes to build an LNG receiving, storing, and regasification 
terminal in 16.8 m (55 ft) of water in West Cameron OCS Block 213, offshore of Louisiana 
(Figure ES.1). 
 
 The gravity base structure (GBS) regasification terminal will be composed of two 
concrete structures that will be built onshore, towed to site, and installed on the sea bed using 
proven construction methods and technology that has commonly and successfully been used in 
the offshore oil and gas industry for decades.  To date, there are no GBS LNG regasification 
terminals in operation; however, concrete GBS structures for a variety of functions are operating 
successfully worldwide. 
 
 The structure proposed for Gulf Landing will consist of two caissons with a combined 
footprint approximately 338 m (1,110 ft) long by 75.6 m (248 ft) wide.  The GBS will house two 
identical LNG storage tanks of 90,000-m3 net storage capacity each.  The top of these storage 
tanks provides a working area of approximately 23,800 m2 (256,000 ft2) for accommodating all 
the regasification related equipment, utilities, and facilities (e.g., living quarters, metering, 
workshops, laydown areas, helicopter access, etc.).  In addition, there will be 5,463 m2 
(58,800 ft2) of scour protection around the terminal. 
 
GULF LANDING LLC’S PURPOSE AND NEED IN PROPOSING THE GULF LANDING 
PROJECT 
 
 The Preferred Alternative is the construction and operation of a deepwater LNG 
terminal and regasification facility in the OCS waters of the western GOM.  Gulf Landing LLC’s 
purpose for this Preferred Alternative is to introduce a new source of natural gas to the U.S. 
energy market.  This new source of natural gas will help meet the needs of U.S. industry, 
commercial interests, and residential consumers for a clean burning and efficient fossil fuel that 
lessens U.S. dependence on oil and coal as energy sources.  The Preferred Alternative will also 
be consistent with the sustainable development principles of Shell. 
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Figure ES.1.  Proposed location of Gulf Landing liquefied natural gas (LNG) regasification terminal.
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 Consumption of natural gas in the U.S. has historically varied with the available 
supply, market constraints, Federal and State regulatory policies, or other factors.  Between 
1949 and 2000, consumption of natural gas averaged 16.69 trillion cubic feet (TCF) per year.  
Peak usage occurred during the early 1970's, but sagged in the second half of that decade and 
into the 1980's before restructuring and phased deregulation of the natural gas industry as 
required by the Natural Gas Policy Act of 1978 took effect.  During the early 1990's, an 
abundance of low price of natural gas spurred U.S. consumption, which began increasing at a 
steady rate.  By 1995, consumption surpassed the peaks in usage experienced in the 1970's.  
In 2000, natural gas provided about 23.6% of the total energy consumed in the U.S. (U.S. 
Department of Energy, Information Administration, 2003).  This level of consumption, at 
23.46 TCF, represented a 52-year high (U.S. Department of Energy, Information Administration, 
2003). 
 
 Demand for natural gas as a fuel is expected to continue into the future.  In its 
Annual Energy Review 2003, the U.S. Department of Energy, Information Administration (2003) 
has projected demand for natural gas to increase by 20% to 32%, or up to approximately 28 to 
31 TCF by 2015 (depending on the economic scenario assumed) and up to approximately 33 to 
38 TCF by 2025.  Utilities are expected to dramatically increase their reliance on natural gas to 
fire electricity generators in order to meet electricity demand, and at the same time comply with 
air quality regulations.  Projections out to 2020 predict even heavier nationwide reliance on 
natural gas as a fuel.  As a result, natural gas is projected to comprise about 25.7% of the total 
U.S. energy demand in 2025. 
 
 Imports of natural gas have become increasingly important in supplementing the 
shortfall in domestic production.  In 1986, natural gas imports supplied 4.2% of total U.S. natural 
gas consumption.  By 2000, imports were supplying 3.78 TCF of natural gas to U.S. consumers, 
nearly 16% of total natural gas consumption – or a 282% increase in imports over the 14-year 
period (U.S. Department of Energy, Information Administration, 2003). 
 
 The U.S. government, in recent years, has recognized that increasing the quantity of 
LNG imports will allow the United States to both maintain or expand its current level of 
economic development and meet the domestic shortfall between natural gas supply and 
demand.  The easing of Federal Energy Regulatory Commission (FERC) regulations governing 
onshore import, storage, and regasification facilities and the passage of the Marine 
Transportation Safety Act (MTSA), which extended the definition of a deepwater port to natural 
gas terminals, were two initiatives intended to encourage the importation of LNG.  In July 2003, 
the need to import LNG was acknowledged by Alan Greenspan, Chairman of the U.S. Federal 
Reserve, who testified before the U.S. Senate’s Committee on Energy and Natural Resources 
(Greenspan, 2003).  Mr. Greenspan stated that 
 

“If North American natural gas markets are to function with the flexibility 
exhibited by oil, unlimited access to the vast world reserves of gas is 
required.  Markets need to be able to effectively adjust to unexpected 
shortfalls in domestic supply.  Access to world natural gas supplies will 
require a major expansion of LNG terminal import capacity and development 
of the newer offshore regasification technologies.  Without the flexibility such 
facilities will impart, imbalances in supply and demand must inevitably 
engender price volatility.  As the technology of LNG liquefaction and shipping 
has improved, and as safety considerations have lessened, a major 
expansion of U.S. import capability appears to be under way.  These 
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movements bode well for widespread natural gas availability in North America 
in the years ahead.” 

 
 The LNG industry in the U.S. today has an inventory of 113 active facilities.  Nearly 
all these facilities are dedicated to the storage needs of local utilities and are between 30 to 
40 years old (Gaul and Young, 2003).  There are five marine LNG terminals in the U.S., four of 
which are located in the lower 48 states – Elba Island, Georgia; Cove Point, Maryland; Lake 
Charles, Louisiana; and Everett, Massachusetts.  One is in Alaska.  The Cove Point marine 
terminal was reopened in July 2003 after being closed for 23 years.  Even if each of these 
terminals could be operated at their maximum sustainable capacity (and some are currently 
being or have been expanded), the U.S. Department of Energy, Information Administration 
(2003) estimates their send-out would be at about 1.47 TCF of natural gas per year.  This still 
would leave an approximate capacity shortfall of between 0.7 and 1.4 TCF between the 
projected throughput of existing terminals and LNG import needs in 2025 (based on projected 
reference and high economic growth cases).  Clearly, the licensing of additional regasification 
terminals, like Gulf Landing, is essential to the expansion of the LNG import capabilities of the 
U.S.  
 
SHELL SUSTAINABLE DEVELOPMENT PRINCIPLES 
 
 Gulf Landing LLC is part of the Royal Dutch/Shell Group of Companies.  In 1997, the 
Royal Dutch/Shell Group of Companies adopted and publicly announced its commitment to 
operate in a manner consistent with sustainable development.  Shell defines the term 
“sustainable development” the same as the 1987 World Commission on Environment and 
Development (known as the Brundtland Commission): 
 

…meeting the energy needs of the present without compromising the ability of future 
generations to meet their own needs. 

 
 Shell’s approach to sustainable development is 
 

• To integrate economic, environmental, and social considerations into 
decision-making; 

• To balance short-term priorities with longer-term needs; and 
• To engage with stakeholders. 

 
ALTERNATIVES, INCLUDING THE PREFERRED ALTERNATIVE 
 
 Alternative A (the Preferred Alternative) is the construction and operation of a 
GBS LNG regasification terminal in West Cameron Block 213.  Alternative B is similar to the 
Preferred Alternative, and the terminal would be located in West Cameron Block 183.  
Alternative C is the No Action Alternative. 
 
 Figure ES.2 illustrates the design and location alternatives that were considered in 
developing the Preferred Alternative.  Development and evaluation of alternatives to meet the 
project purpose and need included the following steps: 
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Figure ES.2.  Flow chart showing alternatives considered in developing the Preferred Alternative.
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• Identification of basic technical, engineering, and economic requirements; 
• Preliminary geographic screening (GOM vs. Atlantic coast; offshore vs. coastal); 
• Evaluation of regasification unit alternatives; 
• Evaluation of vaporization unit alternatives; 
• Evaluation of seawater intake and discharge alternatives; 
• Identification and screening of specific project locations; and 
• Comparison of environmental impacts of alternatives. 

 
Technical, Engineering, and Economic Requirements 
 
 Gulf Landing LLC initially developed commercial, operational, technical, and 
environmental requirements to screen potential LNG terminal systems and locations.  These 
requirements were designed to ensure that the system and location selected are 
environmentally sound, economically viable, meet vessel and facility operating needs, comply 
with applicable government standards, and are consistent with Shell’s sustainable development 
goals.  Sustainable development principles for Shell are generally defined as meeting the 
energy needs of the present without compromising the ability of future generations to meet their 
own needs.  As such, corporate goals for respecting and safeguarding people, protecting the 
environment, working with stakeholders, delivering value to customers, benefiting communities, 
and managing resources wisely are key to the final system selection for the project. 
 
 Various LNG terminal system scenarios were considered for this project.  The 
selection of an appropriate regasification and storage system concept for an LNG terminal 
depends on a number of technical, engineering, and economic requirements that must be 
satisfied for the facility to be commercially viable.  These requirements are as follows. 
 

• Facility Throughput – To be economically feasible, the selected terminal type and 
location must have the ability to receive approximately 135 LNG carrier (LNGC) 
port calls per year and have a peak send-out rate of approximately 1.2 billion 
cubic feet per day (BCF/d) of natural gas.  This volume translates to 
approximately 7.7 million tons per annum (mtpa) of regasified LNG.  The facility 
throughput requirement is a principal economic driver behind the project. 
 

• Take-away Capacity – Transportation of a normal send-out rate of 1.0 BCF/d of 
natural gas requires either the construction of new export pipelines and/or the 
use of the existing pipeline infrastructure to deliver the product to the U.S. natural 
gas distribution network.  One or more pipelines of sufficient size are required to 
connect the LNG terminal to existing gas transmission pipelines.  The pipeline(s) 
proposed for connection to the terminal must have available capacity to accept 
and further transport at least 1.2 BCF/d of natural gas. 

 
• Ability to Accept Wide Range of LNG Qualities – Natural gas originating from 

various hydrocarbon-bearing regions of the world has chemical components that 
can vary.  The regasification terminal and associated pipelines must have the 
capability to handle a wide range in LNG quality. 
 

• Working Storage – An on-site net working storage capacity of 180,000 m3 is 
required for the LNG terminal.  This volume of stored LNG will last for about 
4 days, while the terminal continues to deliver 1.0 BCF/d of natural gas into the 
facility export pipelines.  This storage capacity allows the LNG terminal to provide 
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a more measured and consistent delivery of natural gas volumes into the pipeline 
system, thereby relieving pipeline operators from the difficulty of managing 
alternating periods of very low and very high throughput.  The ability to deliver 
consistent volumes of natural gas into the connected transmission pipeline(s) 
was identified as a key technical and economic requirement for the project. 
 

• Ability to Handle Large LNGCs – For economic reasons, the project must 
accommodate LNGCs having cargo capacities ranging from 125,000 to 
160,000 m3 of LNG.  This range of LNGC size includes most LNG ships currently 
in operation worldwide.  

 
 Although the Atlantic coast was originally considered a possibility for locating this 
project, the GOM was ultimately selected.  The GOM is a mature oil and gas province, with 
extensive and compatible infrastructure in place.  The distribution and compatibility of offshore 
pipelines and facilities in the GOM provide opportunities and flexibility that do not exist off the 
U.S. Atlantic coast.  The network of offshore pipelines in the GOM also would allow for the 
construction of an LNG terminal at some distance from shore.  This offshore location would 
allow the facility to be placed away from coastal activity and marine traffic, and the isolation of 
the facility would offer some advantages for maintaining port security.  The network of in-place 
pipelines in the GOM also would allow the project to create partnerships with other 
transportation companies and achieve economies more readily than along the Atlantic coast. 
 
Regasification Unit Alternatives 
 
 Four types of LNG regasification systems were considered: GBS, a floating storage 
regasification unit (FSRU), a platform based unit, and a shipbound regasification system.  Each 
system has advantages and disadvantages, which are explained in the following subsections.  
Ultimately, a GBS system was selected for the Preferred Alternative. 
 
GBS Design 
 
 A GBS regasification terminal would be composed of two pre-stressed reinforced 
concrete caissons that are built on shore, towed to the site, and installed on the sea bed.  The 
system benefits of a GBS design are as follows: 
 

• The terminal can be constructed using well-proven construction methods and 
technology that have been commonly and successfully used in the offshore oil 
and gas industry for decades; 

• The design would include LNG storage tanks with an 180,000-m3 net storage 
capacity in 2 tanks of 90,000-m3 capacity each (1 single storage compartment 
would result in less operational flexibility, and 3 storage compartments would 
significantly increase the cost); 

• The GBS terminal would provide safe support for the regasification plant and the 
other process equipment and utilities.  The facility could be largely equipped and 
pre-commissioned prior to tow and installation at the operating site; 

• Safe berthing for the LNGCs directly alongside the GBS using proven offloading 
technology (loading arms installed on the GBS) and a mooring face protected 
from open sea; and 

• A GBS regasification terminal could be installed in relatively shallow water. 
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 System limitations for the GBS design are as follows: 
 

• While concrete GBSs of various functions are operating successfully worldwide 
in the most severe environmental conditions, to date, there is no GBS LNG 
regasification terminal in operation; 

• In the foundation analysis, the degradation of the soil under cyclic loads (pore 
pressure build up) will need to be taken into account; 

• With regard to the geotechnical aspect, two main criteria will need to be checked 
to validate the design for the 100 yr-return period event (waves and current), the 
GBS being considered as having a shallow foundation: 

a) Stability with respect to the bearing and sliding capacities; and 
b) Sedimentation expected during the lifetime of the terminal (30 yr); and 

• Scour protection for a GBS will require use of shallow skirts and stone around the 
unit to prevent rapid erosion and scouring below the foundation base. 

 
FSRU Design 
 
 Under this alternative, a floating barge would serve as the regasification terminal.  
The barge would essentially be a box-shaped LNGC without propulsion machinery but with 
process and utility equipment located on deck.  The FSRU would be moored using anchor 
chains connected to an external turret, which would allow dual path high pressure gas to be 
sent out through risers to a pipeline end manifold at the sea bed, with subsea pipelines to shore.  
While a spread moored concept (i.e., mooring the barge on a constant heading) could be 
considered, a weathervaning turret moored barge would most likely be required, unless a very 
sheltered location was available. 
 
 The system benefits associated with an FSRU are as follows: 
 

• The side-by-side cargo transfer arrangements would allow a broad scope of 
LNGCs to offload at the facility; 

• The weathervaning concept for the storage barge could reduce requirements for 
tug assistance during the berthing operation (tugs would still be required, unless 
purpose-built LNGCs fitted with bow and stern thrust or even dynamically 
positioned vessels are specified); 

• The FSRU can be located in water depths between 70 and 1,500 m (230 and 
4,900 ft) and is not too dependent on sea bed quality as various anchor 
arrangements are available for different soil conditions; and 

• An FSRU can be disconnected and towed to another site when necessary and 
serve other projects. 

 
 System limitations for FSRUs are as follows: 
 

• Offshore LNG transfer between two moving bodies has not been practically 
proven for LNG applications but in theory is considered to be a viable option, 
provided the weather conditions are sufficiently benign.  However, the shuttle 
carrier may not be able to moor to the FSRU in all environmental conditions, and 
hence the operability could be a critical aspect; and 



Gulf Landing LLC  Deepwater Port License Application 

Environmental Review ES-9 October 2003 

• Most likely membrane containment tanks could be required, and sloshing in the 
tanks could be an issue.  However, this is not thought to be a significant technical 
restraint. 

• Operations during hurricanes have not been defined. 
• Can not use ORV due to ships’ motions, which result in increased CO2 emissions 

from the facility. 
• Limited potential for expansion. 

 
 In summary, the FSRU was discounted mainly for uncertainties on new technology, 
operability, regulatory uncertainty and permitting risk. 
 
Platform Based Unit Design 
 

The platform based regasification unit design consists of using or re-using an 
offshore platform adapted to include LNG loading arms, and LNG regasification equipment.  
This concept requires locating the high pressure (HP) LNG pumps and vaporizers on the 
offshore jacket structure.  This option does not include significant offshore LNG storage, and 
relies on directly regassing (“direct regas”) LNG and exporting directly it into the pipelines.  The 
LNGC would be moored adjacent to a platform with fixed loading arms and a short pipe trestle 
and breasting and mooring dolphins.  The platform would need to be located in water at least 
17 m (56 ft) deep to accommodate LNGC berthing.  
 
Advantages of this system are as follows:  
 

• Conventional construction techniques; 
• Low “environmental footprint”; 
• Schedule flexibility; 
• Conventional loading methods; 
• Can be located near desired infrastructure; 
• Allows the use of standard LNGCs without extra deck equipment; 
• This concept could be implemented fairly quickly, as typical hardware delivery 

times and module prefabrication may take less than 2 yr (critical long-lead 
delivery items are the LNG loading arms, the HP LNG pumps, and the LNG 
vaporizers); 

• LNG storage within the facility is not required; 
• A platform that allows a multi-stage process (and utilities) topside module with 

sufficient space to accommodate the processing facilities; 
• A minimum water depth of 17 m (56 ft); 
• Proximity to shore and supply base for marine support craft; and 
• Interconnector subsea gas pipelines. 

 
Disadvantages of this system are as follows: 
 

• High send-out rates; 
• Intermittent delivery; 
• Unloading time is higher; 
• Relatively high berth occupancy time; 
• Berth operability; and 
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• High cost of onshore infrastructure to support the intermittent supply from the 
facility. 

 
In summary, the platform based unit design was discounted due to operational 

concerns: both carrier exposure risks, and intermittent stress on the downstream infrastructure.  
For these reasons, the system was not selected for the Preferred Alternative. 
 
Shipboard Regasification Systems 
 
 Under these systems, each LNGC is fitted with regasification equipment, and no 
offshore facility-based regasification equipment is required.  Because the LNG is actually 
revaporized with the LNGC’s on-board equipment, no fixed terminal, jetty, GBS, or large 
regasification terminal is required.  Since natural gas vapor can be discharged via a flexible 
hose, LNGCs can be effectively moored offshore with a single point mooring (SPM) buoy or 
other sophisticated mooring systems such as a submerged turret loading system.  
 
 Shipboard regasification systems have a number of benefits and disadvantages.  
The benefits of these systems include 
 

• A regasification terminal that consists of a SPM buoy or submerged turret loading 
system and presents a relatively small environmental footprint; 

• Fewer acres of bottom disturbed or covered by structures; and  
• No requirements for offshore storage. 

 
 The major disadvantages of shipboard regasification systems are as follows: 
 

• Each LNGC in a carrier’s fleet must be fitted with regasification equipment that 
would be used only at a specialized regasification facility.  This regasification 
equipment is expensive and cannot be used while the carrier is at sea, which 
cuts utilization rates to a fraction of that expected from terminal-based 
equipment; and 

• Shipboard regasification is also a slow process, and since no on-site storage of 
LNG is available each carrier must remain at the receiving buoy for several days 
during the regasification process.  Shipboard regasification systems require the 
LNGC to remain at the discharge station for 5 or 6 days while revaporizing the 
LNG on board.  Such a lengthy port call dramatically reduces the number of 
LNGC visits per year, drives demurrage costs up, and reduces the volume of gas 
that can be brought to market.  

 
 This system produces an interruptible gas supply similar to the platform based 
system discussed above, and produces interruptions in the gas supply downstream.   
 
Conclusions 
 
 A GBS system was selected for the Preferred Alternative.  This system meets all of 
Gulf Landing LLC’s operational and economic requirements, and all of the limitations identified 
can be addressed.   
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 The FSRU system had significant disadvantages including: 1) sensitivity to severe 
weather conditions, and 2) potential regulatory difficulties due to the fact that no U.S. standards 
currently exist for evaluating these types of systems. 
 
 The platform based system is considered to have operational concerns associated 
with intermittent use of the equipment, and higher intermittent demands on the supporting 
downstream infrastructure.  Similarly, throughput considerations and concerns about 
interruptions of downstream supply render shipboard regasification systems unacceptable in 
terms of Gulf Landing LLC's purpose and need for this project. 
 
Vaporization Unit Alternatives 

 
 Four potential types of LNG vaporizer units were initially reviewed for possible use 
on the LNG terminal.  These vaporization units were 
 

1. Open rack vaporizers (ORVs), which use unheated water or seawater at ambient 
temperature as the warming agent to regasify LNG;  

 
2. Submerged combustion vaporizers (SCVs), which burn a portion of the regassed 

natural gas in a submerged heating system and warm closed loop heating 
medium to help in the regasification process; 

 
3. Intermediate fluid vaporizers (IFVs), which use an enclosed system and some 

intermediate fluid (typically propane) to revaporize LNG. The use of IFVs in 
onshore terminals is usually discounted due to their higher operating cost and the 
safety issues associated with the storage and possible release of the 
intermediate revaporization fluid. 

 
4. Shell and tube vaporizers (STVs), which use steam or water glycol as the heating 

medium to revaporize the LNG.  STVs using seawater have been considered, but 
this concept has not been proven yet.  STVs using glycol and hot water have 
been successfully employed in site-specific instances, but they only become 
feasible alternatives when advantage can be taken from an existing heat or 
steam source.   

 
 Based on the above considerations, ORVs and SCVs were considered as the two 
most feasible configurations for a regasification terminal in the GOM.  Both systems represent 
proven technology, and each has inherent safety, environment, and resource management 
attributes (Table ES.1).  Ultimately, the ORV system was selected for this Preferred Alternative.  
It should be noted the optimal vaporizer selection is based on a case by case review of the 
system design and operating conditions.  
 
Seawater Intake and Discharge Design Alternatives 
 
 Environmentally, there are two competing functions with respect to the warming 
water used for the ORVs: 
 

1. Low water flow rates will result in a greater temperature change in the warming 
water.  This results in colder water being released into the environment; or 
 

2. High water flow rates will result in a lesser temperature change in the warming 
water.  This results in an increased potential for marine life impingement and 
entrainment, and more water being treated and discharged into the environment. 
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Table ES.1.  Open rack vaporizer (ORV) versus submerged combustion vaporizer (SCV) 
comparison matrix. 

 

Comparison Topic ORV SCV 

Construction Cost $18 million higher -- 

Operating Cost (Net Present 
Value over the life of the facility) $244.6 million lower -- 

Equipment Reliability Higher Lower 

Electrical Power Generation and 
Distribution No Advantage No Advantage 

Environmental Impacts:  
Air Emissions 

• Low overall air emissions to 
the environment for power 
generation 

• Increase of total facility CO2 
emissions is 20 times greater 
than ORV case 

• Increased NOx emissions that 
may require specific mitigation 
measures 

• CO2 hazards to personnel on 
the facility/near-field dispersion

Environmental Impacts: Water 
Quality and Marine Life 

• Cold water being discharged to 
the environment may impact 
the local ecology 

• Potential entrainment and 
impingement of marine life at 
the water intake, requiring 
specific mitigation measures 

• Requires use of biofouling 
inhibitor, which is discharged 
to the environment 

• Requires less water intake and 
discharge than ORV; therefore, 
lower potential for entrainment, 
impingement, and discharge 
impacts 

 

Safety 

• Divers may be required for 
cleaning/maintenance of the 
intake screens 

• Leaks to the atmosphere can 
occur and have the potential to 
represent major hazards 

• Potential ignition risk/flashback 
hazard for large LNG/natural 
gas releases on the installation 

• Blower hazards/personnel 
exposure 

• Increased chemical handling 
and exposure associated with 
water treatment systems 

• Internal leaks of LNG/natural 
gas would escape via the 
system vent 

• Area classification may impact 
location and relative size of 
other equipment items 

Energy Efficiency -- 20 times more energy used by 
the facility 

LNG = liquefied natural gas. 
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 A range of warming water flow rates and operating conditions was evaluated in order 
to develop a solution that had the overall least impact on the environment. 
 
 Optimizing the seawater intake system for ORV revaporization involved determining 
the most advantageous combination of the following variables: 
 

• Volume, velocity, and rate of seawater intake; 
• ∆T, or reduction of discharge water temperature below ambient seawater; 
• Discharge rate and discharge pipe configuration; and 
• Optimum spacing between intake and discharge to prevent entrainment or 

recirculation of cool water into the intake. 
 
 All these variables were balanced against potential environmental impacts.  For 
example, the smaller the ∆T of the seawater at the discharge point, the closer it will be to the 
ambient water temperature and the lower the potential environmental impact from the cool water 
plume.  Unfortunately, achieving a smaller ∆T requires passing a greater volume of water 
across the ORV, thus increasing the potential impact due to the entrainment of larval fish and 
plankton in the seawater uptake.  A larger ∆T means a smaller volume of water is taken in, 
reducing potential entrainment, but producing a more dense cool water plume at the discharge 
point.  In order to evaluate the potential environmental impacts of such a cool water plume, it is 
necessary to know how this plume will behave in the physical oceanographic conditions present 
at the proposed project site.  One of the critical questions addressed by the modeling effort was 
how will this cool water plume, at a variety of discharge velocities and temperatures, behave 
under the water column stratification and current conditions expected in the GOM offshore 
environment. 
 
 Engineering investigations completed by the design team indicated that warming 
water approach temperatures could be up to approximately 10ºC ∆T without adversely 
impacting operability of the installation.  During the winter season, the mean sea water 
temperature can reach temperatures as low as 10ºC to 15ºC; reducing this water temperature 
by more than 10ºC during these conditions will result in the potential for formation of ice within 
the process system and other operational upsets.  Plume dispersion modeling (Appendix A-4) 
indicates that by using 10ºC ∆T, the World Bank Standard of no greater than 3ºC ∆T from 
ambient at 100 m from the discharge point can be met under the proposed configuration.  Both 
of these boundary conditions appear to be limiting the warming water temperature difference to 
10ºC ∆T.  In addition, given the desire to minimize the potential for marine life impingement and 
entrainment, this temperature difference is considered to represent the option of least 
environmental harm. 
 
 Several diffuser combinations were tested against various discharge rates.  Diffusers 
spread the cool water out over a larger area but reduced the rate of discharge and hence 
slowed the mixing process.  Using the information returned from all these modeling studies, it 
was concluded that a faster, cooler discharge actually promoted more rapid mixing of the cool 
water plume and transferred the cool water more rapidly to the lower layers of the water column.  
 
 The environmental assessment of the benthic and water column communities 
potentially affected by the cool water plume indicated impacts in these communities due to the 
cool water plume would be insignificant at the population level.  There are, however, potential 
significant impacts from entrainment and impingement of fish eggs and larvae by the intake of 
the large volumes of seawater need to warm LNG to natural gas in ORVs. 
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 To minimize these potential impacts, the design team designed the warming water 
intake system to avoid the entrainment of fish eggs and larvae as much as reasonably practical.  
The actual intake cage will be located near the bottom of the water column where less 
ichthyoplankton are expected. 
 
Marine Life Exclusion System Alternatives 
 
 In order to minimize the potential for impingement and entrainment of marine 
organisms in the warming water uptake, Gulf Landing LLC investigated engineering options to 
minimize the impact on marine organisms.  The primary approaches to minimizing the impact on 
the marine environment have been to: 
 

• minimize the volume of water used circulated through the ORVs by the selection 
of a high delta T (10ºC); 

• locate the seawater intake as low in the water column as reasonably practical to 
reduce entrainment of surface level planktonic marine life, without entraining 
bottom sediments; 

• select a horizontal water intake orientation to minimize coning effects of marine 
life from the sea surface; 

• select a water intake velocity to minimize the potential for impingement of larger 
marine organisms (adult and juvenile fishes, sea turtles, etc.); and 

• select a marine life exclusion inlet device to reduce entrainment. 
 
 Three types of marine life exclusion systems were identified for potential use at the 
Gulf Landing LNG regasification terminal.  These systems were 
 

• an aquatic filter barrier (AFB) system (Gunderboom type system); 
• wedgewire screen barriers (0.5-mm [0.019-in.] mesh size); and  
• wedgewire screen barriers (6.35-mm [0.25-in.] mesh size). 

 
 Laboratory and field studies have shown that fine mesh wedgewire screens reduce 
entrainment and virtually eliminate impingement damage to fishes and other marine organisms 
(Lifton, 1979; Delmarva Ecological Laboratory, 1980; Weisberg et al., 1984).  One study 
(Hanson, 1977) found that in fresh water situations, cylindrical wedgewire screens incorporating 
0.5-mm (0.019-in.) mesh size eliminated entrainment of fish eggs in the 1.8 to 3.2 mm (0.07 to 
0.13 in.) size ranges.  Testing of 1.0 to 2.0 mm (0.04 to 0.08 in.) wedgewire screens in the 
St. Johns River, Florida showed that mesh sizes of this diameter reduced entrainment by 
99% and 62%, respectively over conventional power plant screens with mesh sizes of 9.5 mm 
(3/8 in.) (EPRI, 1999). 
 
 Due to the overall cost of all of these systems, and the fact that no GOM 
performance data are available to compare the cost of any of these marine life exclusion 
systems with the benefit in terms of potential impact reduction, Gulf Landing LLC has proposed 
to develop the exclusion system based on the use of cylindrical wedgewire with a gap size of 
6.35 mm (0.25 in.) and evaluate the results through the monitoring program described in 
Appendix B of this ER.  This mesh size, in conjunction with locating the intake cage at the 
bottom of the water column, is felt to be a reasonable compromise between the 9.5-mm (3/8-in.) 
mesh size commonly in use today for power plant intakes, and the 0.5-mm (0.019-in.) mesh 
size, which, while potentially more effective at screening out fish eggs, has a considerably 
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greater biofouling potential and an unknown benefit in the OCS waters of the GOM.  Gulf 
Landing LLC has proposed a monitoring program to assess the real impact of entrainment of 
fish eggs and larvae in the West Cameron Block 213 area (Appendix B), and the intake 
structures themselves are designed in such a way that finer mesh size screens could be added 
later if this monitoring program shows they are warranted. 
 
Location Alternatives 
 
 Eight potential locations for siting of a GBS LNG terminal were identified.  A two-step 
process was used to determine, from this list, the most promising sites along the U.S. Gulf 
coast.  The first step was to reduce the potential locations to a short list of technically feasible 
locations, using only engineering, operational, and economic criteria.  The intention was to 
arrive at a short list of technically feasible locations with respect to vessel accessibility and 
geotechnical conditions for each site.  In the second step, additional and more detailed criteria 
were used to select a preferred location for the proposed project. 
 
 For the eight sites evaluated, shipping accessibility and soil conditions were 
considered using the following criteria and scoring that are reflected in Table ES.2.  The highest 
ranking for shipping accessibility was indicated by a “+,” signifying good shipping access areas 
adjacent to existing shipping fairways where no dredging would be required.  A medium ranking 
for shipping accessibility was indicated by a “0,” signifying reasonable access and possibly 
some channel dredging might be required.  The least desirable or lowest ranking for shipping 
accessibility, indicated by a “-,” signifies poor access from the subject block.  Such areas were 
either remote from shipping channels, had hazardous approaches, or required extensive 
dredging. 
 
Table ES.2.  Initial sites in the Gulf of Mexico evaluated as potential locations for a gravity base 

structure liquefied natural gas terminal. 
 

OCS Block Name Shipping 
Access Comments Geotechnical 

Conditions Comments Result

Mobile 909 + Many shipping 
lanes nearby 0 Environmental 

sensitivity very high DEL 

West Delta 58 - Ruled out on 
shipping access N/A Lack of shipping 

access rules out block DEL 

West Delta 34 - Ruled out on 
shipping access N/A Lack of shipping 

access rules out block DEL 

Ship Shoal 183 - Ruled out on 
shipping access N/A Lack of shipping 

access rules out block DEL 

Eugene Island 162 - Ruled out on 
shipping access N/A Lack of shipping 

access rules out block DEL 

South Marsh Island 276 - Ruled out on 
shipping access N/A Lack of shipping 

access rules out block DEL 

West Cameron 183 0 Fair access to 
shipping channel 0 

Stiff clay conditions 
with approx. 1.5 ksf 
(i.e. 72 kPa) 

OK 

West Cameron 213 + Good access to 
pipelines + Reasonable/good 

sands OK 

DEL = initial identified site is not considered technically feasible and re-adjusting its position cannot change that 
classification; site should be deleted from the “potential site” list. 

OK = initial identified site is considered a technically feasible site. 
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 Geotechnical rankings, or appropriateness of soil conditions, were dependent on the 
design concept being considered for use at that particular location.  GBS concepts are sensitive 
to soil conditions, and potential locations were evaluated using the following criteria: 
 

• Sand conditions with good load bearing properties received a “+”; 
• Stiff clay conditions with moderate to good load received a “0”; and 
• Weak clay conditions with poor ground loading received a “-.” 

 
 Any “-” value was considered enough to remove the location from the developing 
short list.  For a location to be considered technically feasible and taken to the final selection 
stage as a potential candidate, it must be awarded, at a minimum, a “0” for each of the two 
criteria. 
 
 The selection of the final sites for detailed evaluation was based on the technical 
feasibility of each site, as determined by a number of factors.  These considerations are 
summarized in Table ES.3 and included availability of the block, pipeline accessibility, 
environmental impacts/constraints, soil/sediment conditions, shipping access, and operational 
safety (e.g., hurricane operation).  Each site was judged and evaluated on these considerations. 
 
Table ES.3.  Final site ranking for a gravity base structure liquefied natural gas terminal. 
 

Location Soil 
Conditions 

Shipping 
Access 

Pipeline 
Access 

Operational 
Safety 

Environmental 
Impact Availability

West Cameron 183 0 0 + + 0 0 
West Cameron 213 + + + + 0 + 
 
ALTERNATIVE A – PREFERRED ALTERNATIVE 
 
 Alternative A (the Preferred Alternative) is the construction and operation of a 
GBS LNG regasification terminal in West Cameron Block 213. 
 
Offshore Facility Components and Configuration 
 
 The proposed offshore GBS LNG regasification terminal consists of the following 
main components: 
 

• LNGC berthing, mooring, and LNG offloading facilities; 
• LNG storage tanks - incorporated in the GBS; 
• Regasification and boil-off gas handling facilities - located on the GBS; 
• Utilities area - located on the GBS; 
• Power generation plant - located on the GBS; 
• Control room, workshop, accommodation, and laydown areas - located on the 

GBS; 
• Seawater intake and outfall structures; 
• Navigational aids on the GBS; and 
• Pipelines risers, manifold structures, metering, and gas heating. 

 
 The GBS terminal will be designed for an annual send-out rate of 7.7 million tons, 
with a peak send-out rate of 1.2 BCF/d. 
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ALTERNATIVE B – WEST CAMERON BLOCK 183 

 Alternative B is similar to the Preferred Alternative, and the terminal would be located 
in West Cameron Block 183.  The offshore facility components are very similar and in some 
cases identical to those proposed for Block 213.  However, the shallower water depth limits 
LNGC maneuverability and berthing, makes LNGC access through existing structures more 
difficult, has poorer soil conditions for a GBS and lease access rights will result in engineering 
and other challenges that would need to be resolved to locate the facility in the alternative 
location. 
 
ALTERNATIVE C – NO ACTION 

 Under Alternative C (No Action), the proposed LNG terminal would not be 
constructed.  All of the environmental impacts associated with constructing a GBS LNG terminal 
in Block 213 (Alternative A) or Block 183 (Alternative B) would be avoided.  
 
 Under the No Action Alternative, the anticipated need for natural gas to meet the 
demands of U.S. industry, commercial interests, and residential consumers would not be met by 
the proposed project.  It is possible that the need would be met by some other type of LNG 
regasification facility in the GOM or elsewhere.  Construction and operation of such facilities 
would involve environmental impacts, some of which would be similar to those identified in this 
ER.  Different environmental impacts may occur depending on the technologies and location(s) 
selected.  For example, construction of new LNG terminals in coastal areas may affect coastal 
habitats and other uses. 
 
ISSUES FOR IMPACT ANALYSIS 

 Issues of concern relate to potential impact producing factors associated with the 
construction and operation of a GBS LNG regasification facility in the GOM.  These include 
sensitive environmental resources that could be impacted by regasification unit construction, 
installation, operation, decommissioning, and associated transportation and support activities as 
well as socioeconomic activities that could be affected.  The environmental resources potentially 
vulnerable to impacts from the proposed LNG regasification terminal are as follows: 
 

• Air quality; 
• Water and sediment quality; 
• Fish and fisheries resources including Essential Fish Habitat (EFH); 
• Marine mammals; 
• Sea turtles; 
• Marine, coastal, and migratory birds; 
• Benthic communities; 
• Pelagic communities; 
• Coastal habitats; 
• Commercial and recreational fishing; 
• Marine shipping; 
• Cultural resources; 
• Military uses; and 
• Onshore socioeconomic conditions and concerns. 
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 Table ES.4 presents a list of specific impact producing activities.  Potential impact 
producing factors are analyzed by resource category and operational phase (i.e. construction, 
operation, and decommissioning) in Section 4.0, Environmental Consequences, of the ER. 
 
Table ES.4.  Potential impact producing activities including accidents and upsets. 
 

Impact Producing Activity 

NORMAL OPERATIONS 

Construction 
Dredging required for graving dock at fabrication facility 
Dredging potentially required for channel enlargement at construction facility  
Air emissions at construction facility 
Storm water run off at construction facility 
Solid waste disposal at construction facility 
Towing vessel marine discharges (Towing vessels will not anchor) 
Towing vessel air emissions 
Construction vessel marine discharges 
Construction vessel air emissions 
Construction vessel movements 
Construction vessel anchoring 
Accidental release of trash and debris 
Installation of GBS caissons and associated structures 
Seawater intake structure installation 
Cool water discharge installation  
Installation of five interconnector pipelines (Pipe laying vessels will not anchor) 
Hydrostatic testing of five interconnector pipelines 

Routine Operations 
LNGC vessel movements 
Tug and supply vessel movements near shore base 
Tug and supply vessel movements near GBS structure 
LNGC vessel marine discharges 
LNGC vessel air emissions 
LNGC anchoring 
Tug and supply vessel marine discharges 
Tug and supply vessel air emissions 
Tug and supply vessel anchoring 
Accidental release of trash and debris 
Physical presence of the GBS structure in the water 
Lights and noise from GBS structure 
Noise associated with helicopter flights from shore base 
Noise associated with helicopter flights landing at GBS terminal 
Terminal treated sewage, runoff, and marine discharges 
Terminal air emissions 
Warm water uptake for the ORVs 
Cool water discharge from ORVs 
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Impact Producing Activity 

Decommissioning 
Construction vessel movement 
Construction vessel marine discharges 
Construction vessel air emissions 
Construction vessel anchoring 
Topside dissection and removal  
GBS structure removal and disposal 
Accidental release of trash and debris 
Warming water intake structure removal 
Cool water discharge structure removal 
Abandonment of five interconnector pipelines 
 

ACCIDENTS AND UPSETS 

Construction 
Fuel or waste water spills from towing or construction vessels 

Routine Operations 
LNGC vessel minor fuel or waste water spills 
Tug and supply vessel minor fuel or waste water spills 
Tug and supply vessel foundering and salvage 
Helicopter crash 
Diesel spill from GBS holding tank 
LNG spill from LNGC or terminal 
Fire aboard terminal 
Forced venting of natural gas during an emergency 
Interconnector pipeline rupture 

Decommissioning 
Fuel or waste water spills from construction vessels 
 

 
 
ENVIRONMENTAL CONSEQUENCES 
 
 The potential environmental consequences of implementing the Preferred Alternative 
(Alternative A), construction and operation of a GBS LNG regasification terminal in West 
Cameron Block 213 and of implementing Alternative B, construction and operation of an 
identical LNG regasification terminal in West Cameron Block 183 were analyzed.  To perform 
the analysis of the potential environmental consequences from the various phases of the project 
(construction, operation, decommissioning), impact producing factors were evaluated relative to 
pertinent environmental components, which included air quality, water and sediment quality, fish 
and fisheries resources, marine mammals and sea turtles, marine birds, benthic communities, 
pelagic communities, and coastal habitats.  Other components that were considered included 
commercial and recreational fishing, oil and gas exploration, marine shipping, cultural 
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resources, military uses, and onshore socioeconomic conditions and concerns.  After the 
potential impacts were determined, they were rated in terms of their potential significance. 
 
 A number of potential impacts to air quality, water quality, and sediment quality were 
identified, but none of these were considered significant.  For fish and fisheries resources, the 
physical presence of the GBS is a potentially positive impact as the terminal will serve as a fish 
attractant device.  Uptake of water for the ORVs presents an adverse and potentially significant 
impact to fish and fisheries resources as fish eggs and larvae will be entrained into the inflow, 
and impingement of large fishes may occur on screening covering the intake.  Design measures 
to avoid and reduce these impacts will be implemented.  The analysis indicated that impacts to 
marine mammals, sea turtles, and sea birds would be unlikely and/or not significant with 
three exceptions.  The terminal may serve as a habitat for food sources that could attract sea 
turtles, and lights from the terminal may attract sea turtles, particularly juveniles, which may lead 
to increased predation.  Design measures to avoid and reduce these impacts will be 
implemented.  The terminal may serve as a rest stop for migratory birds, which may be a 
positive impact.  The cool water plume may increase feeding of marine birds on fish attracted to 
the upwelling area.   No significant impacts were identified for benthic communities.  The only 
potentially significant impact that was identified for pelagic communities was the uptake of water 
for the ORVs, which could cause entrainment and impingement on the screening as identified 
for fish eggs and larvae.  As for the fish and fisheries resources, design measures to avoid and 
reduce these impacts will be implemented.  No significant impacts were identified relative to 
coastal habitats, commercial and recreational fishing, or marine shipping.  No potential impacts 
were identified in the analysis for cultural resources, military uses, and onshore socioeconomic 
conditions and concerns.   
 
 A major diesel fuel spill from tugs or supply vessels associated with this project could 
have significant impacts in the marine environment and could potentially impact coastal areas.  
The potential for a spill of this nature from a vessel associated with Gulf Landing is similar to 
that associated with any other shipping activity in the GOM.  If such spills occur, emergency 
response and clean up plans will be activated.  
 
 A catastrophic release of LNG would impact the water column  only at the air/sea 
interface.  Impacts of such an event are unlikely to affect any marine organisms other than 
plankton and nekton living at the sea’s surface.  Such impacts would be limited in area as the 
LNG would rapidly boil off and disperse safely into the atmosphere. 
 
ENVIRONMENTAL JUSTICE 
 
 The construction and operation of the Gulf Landing LNG regasification terminal in the 
offshore waters of the OCS off Louisiana would require equipment and services from the OCS 
support services infrastructure along the entire coast of the GOM.  To a large extent, existing 
facilities would be utilized to support the Preferred Alternative.  No new onshore infrastructure or 
bases are proposed as a direct result of this project.  It is possible that some existing 
construction facilities and their associated channels may have to be enlarged or otherwise 
modified to allow construction of the large GBS caissons forming the GBS.  Some of these 
potential construction yards and graving docks may be located proximate to minority or 
low-income populations or communities.  Any modifications to existing facilities would have to 
be approved by the pertinent Federal and State agencies, county or parish, and local 
governments having jurisdiction.  Should inconsistencies or potentially adverse effects be 
identified through this development approval process, it is assumed that approval would either 
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not be granted, or that appropriate mitigation measures would be enforced by the responsible 
agency. 
 
 The proposed construction and operation of the Gulf Landing LNG regasification 
terminal in OCS waters and the shore-side support required is not expected to cause 
disproportionately high and adverse human health or environmental effects on minority or 
low-income populations.  
 
ENERGY REQUIREMENTS AND CONSERVATION POTENTIAL 
 
 During operation of the Gulf Landing LNG regasification terminal, fuel will be 
consumed by the tug and supply boats and aircraft associated with terminal operations.  LNGCs 
also will consume a small amount of diesel fuel as they make their final approach to the 
terminal.  Because the Gulf Landing LNG regasification terminal is located near extensive oil 
and gas infrastructure supply bases along the coast of Louisiana, fuel consumed by ships and 
aircraft associated with routine terminal operations would be conserved by minimizing transit 
distances and keeping the time at sea to a minimum.  The terminal will supply all of its own 
energy needs by utilizing a portion of the natural gas it is supplying to the U.S. mainland.  
Overall, the Gulf Landing LNG regasification terminal will result in a net gain in energy 
availability within the continental U.S. from the natural gas it will be exporting to the mainland. 
 
IRREVERSIBLE AND IRRETRIEVABLE COMMITMENTS OF RESOURCES 
 
 Construction and operation of the Gulf Landing LNG regasification terminal would 
result in commitments of labor and capital along with the use of non-renewable materials.  Fuel 
used by ships and aircraft during the construction, operation, and decommissioning phases of 
this project, as well as non-recyclable materials used over the life of this facility, are irretrievable 
resources.  Mitigation will minimize the effects of the Preferred Alternative on the marine 
environment, and no irreversible or irretrievable commitments of marine resources are 
expected. 
 
RELATIONSHIP BETWEEN SHORT-TERM USE OF THE ENVIRONMENT AND 
MAINTENANCE AND ENHANCEMENT OF LONG-TERM PRODUCTIVITY 
 
 The Preferred Alternative would allow Gulf Landing LLC to build and operate an LNG 
regasification facility as a deepwater port.  Construction, operation, and decommissioning of this 
facility would have no significant long-term impacts on the environment.  Long-term 
commitments of labor and capital, along with the use of non-renewable materials for machine 
power, construction, maintenance, and removal, would result from the Preferred Alternative.  
Long-term commitments of resources would be required.  The location of the proposed facility in 
offshore waters would minimize biological effects because productivity is expected to be lower 
than in nearshore waters.  Most environmental effects would be temporary in nature; individual 
marine organisms may be killed or injured as a result of construction and operation, but there 
should be no lasting impact on population levels of any species.  The mitigation and monitoring 
proposed by Gulf Landing LLC for potential entrainment and impingement of fish eggs and 
larvae in the warming water uptake will allow Gulf Landing LLC to better understand and 
manage the effects of the Preferred Alternative on marine resources.  The most significant 
long-term effect from this Preferred Alternative would be the removal of 4.47 ha (11.05 acres) of 
seafloor habitat from the Block 213 ecosystem over the projected 30-year life span of the 
proposed facility.  This habitat loss will be partially mitigated for by the creation of 1.4 ha 

(3.4 acres) of new, vertical hard bottom habitat represented by the sides of the GBS plus 0.5 ha 
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(1.3 acres) associated with scour protection.  At the completion of the 30-year useful life of the 
proposed facility, Gulf Landing LLC has proposed to decommission the Gulf Landing LNG 
regasification terminal.  This plan should be re-evaluated at that time in terms of the existing 
habitat represented by the GBS and its potential to enhance long-term environmental 
productivity in the area. 
 
RELATIONSHIP WITH FEDERAL, STATE, AND LOCAL PLANS, POLICIES, AND 
CONTROLS 
 
The facility has been designed to the following applicable regulations: 
 

• Deepwater Port Act; 
• MSTA; 
• NEPA; 
• Port and Waterways Safety Act; 
• Clean Water Act; 
• Clean Air Act; 
• Endangered Species Act; 
• Migratory Bird Treaty Act (MBTA); 
• Marine Mammal Protection Act (MMPA); 
• Magnuson-Stevens Fishery Conservation and Management Act and Sustainable 

Fisheries Act of 1996; 
• Marine Protection, Research and Sanctuaries Act; 
• Archaeological and Historical Preservation Act; 
• Coastal Zone Management Act; 
• National Historic Preservation Act; 
• Noise Control Act; 
• Coastal Barrier Resources Act; 
• Northwest Atlantic Fisheries Convention Act; 
• Non-Indigenous Aquatic Nuisance Prevention Control Act;  
• Executive Order (EO) 12372 – Intergovernmental Review of Federal Programs; 
• EO 13148 – Greening the Government Through Leadership in Environmental 

Management; 
• EO 11593 – Protection and Enhancement of the Cultural Environment; 
• EO 12898 – Environmental Justice; 
• EO 13186 – Responsibility of Federal Agencies to Protect Migratory Birds; and 
• EO 13175 – Consultation and Coordination with Indian Tribal Governments. 
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1.0  INTRODUCTION 
 
 
 This Environmental Review (ER) has been prepared in support of an application filed 
with the U.S. Coast Guard (USCG) for licensing of a liquefied natural gas (LNG) regasification 
terminal under the provisions of the Deepwater Port Act of 1974, as amended.  The proposed 
project, to be known as Gulf Landing, would be sited within the waters of the western Gulf of 
Mexico (GOM) outer continental shelf (OCS).  Gulf Landing LLC is a wholly owned subsidiary of 
Shell U.S. Gas & Power. 
 
 This ER addresses Gulf Landing LLC’s purpose and need for developing this project, 
the reasonable alternatives considered in developing the project, including system and 
locational alternatives, and the existing environmental conditions at alternative locations.  In 
addition, the ER analyzes the potential environmental consequences of implementing the 
Preferred Alternative, its cumulative environmental effects, and the need for mitigation 
measures.  Unavoidable adverse impacts and irreversible and irretrievable impacts also are 
identified. 
 
1.1 PREFERRED ALTERNATIVE 
 
 Gulf Landing LLC proposes to build an LNG receiving, storing, and regasification 
terminal in 16.8 m (55 ft) of water in West Cameron OCS Block 213, offshore of Louisiana 
(Figure 1.1).  Technical details on the construction, operation, and decommissioning of the 
proposed regasification terminal are presented in Section 2.9, Alternative A – Preferred 
Alternative of this document.  A brief overview is presented here. 
 
 The gravity base structure (GBS) regasification terminal will be composed of two 
concrete structures that will be built onshore, towed to site, and installed on the sea bed using 
proven construction methods and technology that has commonly and successfully been used in 
the offshore oil and gas industry for decades.  To date, there are no GBS LNG regasification 
terminals in operation; however, concrete GBS structures for a variety of functions are operating 
successfully worldwide. 
 
 The structure proposed by Gulf Landing LLC will consist of two caissons with a 
combined footprint approximately 338 m (1,110 ft) long by 75.6 m (248 ft) wide.  The GBS will 
house two identical LNG storage tanks of 90,000-m3 (3,177,900-ft3) net storage capacity each.  
The top of these storage tanks provides a working area of approximately 23,800 m2 
(256,000 ft2) for accommodating all the regasification related equipment, utilities, and facilities 
(e.g., living quarters, metering, workshops, laydown areas, helicopter access, etc.).  In addition, 
there will be 5,463 m2 (58,800 ft2) of scour protection around the terminal. 
 
1.2 DEEPWATER PORT LICENSE APPLICATION 
 
1.2.1 Deepwater Port Act 
 
 The Deepwater Port Act of 1974 (33 USC 1501-1524, “the Act”) was enacted to 
promote the construction and operation of deepwater ports as a safe and effective means of 
importing oil into the U.S. and transporting oil from the OCS.  Among other things, the Act 
provides for the protection of marine and coastal environments from adverse effects  
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associated with developing and operating such industrialized ports (e.g., spills).  The Act defines 
marine and coastal environments to include the shoreline and waters of the contiguous zone 
and high seas, the natural resources inhabiting these areas, and the recreational and scenic 
values of these lands, waters, and resources.  To protect these environments, the law 
establishes a program to (1) regulate the location, ownership, construction, and operation of 
manmade deepwater port structures that are located beyond the boundary of the U.S. territorial 
sea, and (2) license the transport of oil from such locations. 
 
 In 2002, the Act was amended by the Maritime Transportation Security Act (MTSA), 
which among other things, extended the definition of “deepwater port” as set forth in the Act, to 
provide for natural gas deepwater ports as well as oil: 
 

“…deepwater port means any fixed or floating manmade structure other than a 
vessel, or a group of such structures, that are located beyond State seaward 
boundaries and that are used or intended for use as a port or terminal for the 
transportation, storage, or further handling of oil or natural gas for transportation to 
any State … and for other uses not inconsistent with the purposes of this Act, 
including transportation of oil or natural gas from the United States outer continental 
shelf.” 

 
 The passage of the MTSA also fundamentally altered the regulatory process for 
offshore LNG terminals by shifting licensing and regulatory responsibilities from the Federal 
Energy Regulatory Commission (FERC), as previously authorized by the Natural Gas Act, to the 
Secretary of Transportation.  The Secretary of Transportation has subsequently delegated the 
processing and approval of deepwater port license applications for natural gas to the USCG and 
the Maritime Administration (MARAD).  The MTSA allows for the licensing of more than one 
natural gas port in an “application area.”  There is no provision for limiting selection of the “best” 
license application, although this requirement still applies to deepwater ports for oil. 
 
1.2.2 Application and Licensing Requirements 
 
 In accordance with the licensing requirements of the Deepwater Port Act, Gulf 
Landing LLC has submitted an application package to the USCG and MARAD.  The application 
includes detailed plans for the proposed facility, which includes associated pipelines, pumping 
and compressor stations, service facilities, mooring buoys and lines, and other similar 
equipment or facilities seaward of the high water mark. 
 
 Upon determining the completeness of this application within 21 days of receipt, the 
USCG and MARAD will publish a notice of application in the Federal Register.  This notice will 
include a summary of the proposed project.  These agencies will then have 240 days from the 
date of publication of the notice to hold at least one public hearing where the public, and 
Federal, State, and local agencies and elected officials will have an opportunity to comment on 
the proposed project.  A notice of the public hearing must be published in the Federal Register 
as well.  Since the Deepwater Port Act also requires compliance with the National 
Environmental Policy Act (NEPA) of 1969, if an Environmental Impact Statement (EIS) is 
prepared, the public hearing also will meet applicable NEPA requirements for public review of 
the EIS.  The MARAD Administrator must make the decision on the application within 90 days 
after the last public hearing is held. 
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1.3 GULF LANDING LLC’S PURPOSE AND NEED IN PROPOSING THE GULF 
LANDING PROJECT 

 
 The Preferred Alternative is the construction and operation of a deepwater liquefied 
natural gas storage and regasification facility in the OCS waters of the western GOM.  Gulf 
Landing LLC’s purpose for this Preferred Alternative is to introduce a new source of natural gas 
to the U.S. energy market.  This new source of natural gas will help meet the needs of U.S. 
industry, commercial interests, and residential consumers for a clean burning and efficient fossil 
fuel that lessens U.S. dependence on oil and coal as energy sources.  The Preferred Alternative 
will also be consistent with the sustainable development principles of Shell. 
 
 This section provides background information on the properties of natural gas, and 
U.S. consumption and domestic production, demonstrating the need for a new source of natural 
gas in the U.S. energy market. 
 
1.3.1 Natural Gas and the Environment 

 Natural gas is a combustible mixture of hydrocarbon gases, the primary constituent 
of which is methane (CH4).  Other common constituents are shown in Table 1.1.  After 
processing to remove these other common constituents, natural gas consists of almost pure 
methane, making it less chemically complex and with fewer impurities than the two other fossil 
fuels widely used in the U.S. – coal and oil.  As a result, it more fully combusts than other fossil 
fuels, with substantially lower pollutant emissions of carbon dioxide, nitrogen oxide, sulfur 
oxides, and particulate matter per unit of energy in comparison to oil and coal (Table 1.2).  In 
addition, the use of natural gas as a fuel has additional environmental benefits: 
 

• Minimizes the emission of “greenhouse gases.”  In contrast to coal and oil, 
natural gas emits less carbon dioxide per unit of energy generated (Kirchgessner 
et al., 1997). 

 
• Minimizes overall energy contributions to smog formation, as combustion of 

natural gas emits low levels of those pollutants responsible for smog such as 
nitrogen oxides and particulate matter. 

 
• Reduces acid rain-causing emissions of sulfur dioxide and nitrogen oxides.  The 

combustion of natural gas emits only small amounts of sulfur dioxide and up to 
80% less nitrogen oxides when compared to the combustion of coal. 

 
• Reduces automobile tailpipe emissions when public and private fleet vehicles 

switch to natural gas, as encouraged by the Clean Air Act Amendments of 1990, 
the Energy Policy Act of 1992, and numerous pieces of State and local 
legislation.  The use of natural gas as an automotive fuel reduces carbon 
monoxide emissions relative to gasoline by almost half and non-methane organic 
gas emissions by almost two-thirds. 

 
• Reduces emissions of mercury to the environment, given that there is no mercury 

in refined natural gas.  In contrast, the burning of coal or oil for energy results in 
the emission of mercury, which can enter the food chain through fisheries 
resources in coastal areas (see Table 1.2). 
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• Reduces the risk of spill of petroleum products.  Natural gas is most efficiently 
transported to market via pipelines due to its low energy density and gaseous 
state.  Transport via pipelines poses less spill risk than tanker, rail, or truck 
methods used in conjunction with pipelines to transport oil (U.S. Department of 
Energy, Energy Information Administration, 1999). 

 
Table 1.1.  Typical composition of natural gas before processing. 
 

Constituent Gas Chemical Formula Typical Presence in Mixture 
(%) 

Methane CH4 70-90 

Ethane C2H6 

Propane C3H8 

Butane C4H10 

0-20 

Carbon dioxide CO2 0-8 

Oxygen O2 0-0.2 

Nitrogen N2 0-5 

Hydrogen sulfide H2S 0-5  

Rare gases Ar, He, Ne, Xe Trace 
Source: Natural Gas Supply Association, 2003. 
 
Table 1.2.  Emission levels for different types of fossil fuels. 
 

Emissions (pounds per billion BTU of energy input) 
Pollutant 

Natural Gas Oil Coal 

Carbon dioxide 117,000 164,000 208,000 

Carbon monoxide 40 33 208 

Nitrogen oxide 92 448 457 

Sulfur dioxide 1 1,122 2,591 

Particulates 7 84 2,744 

Mercury 0.000 0.007 0.016 
Source: U.S. Department of Energy, Energy Information Administration, 1999. 
 
 While the increased use of natural gas as a fuel has many environmental 
advantages, its major constituent, methane, has been identified as a greenhouse gas that is 
estimated to be 21 times as effective in trapping heat as carbon dioxide.  Methane emissions 
are a potential threat to the environment during the production, processing, transmission, and 
distribution of natural gas, when it can be vented or leaked into the atmosphere 
(U.S. Environmental Protection Agency [EPA], Office of Air and Radiation, 1999).  Methane also 
may be released during oil exploration and production, because natural gas deposits are 
commonly associated with oil deposits.  Although the EPA, Office of Air and Radiation (1999) 
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predicts that methane emissions will grow with increased consumption of natural gas, it has also 
concluded that implementation of cost-effective control technologies and practices to reduce 
venting or leaking of natural gas from domestic natural gas systems will result in methane 
emissions growing at a slower rate than the projected growth in natural gas consumption.  
 
 In its gaseous state, natural gas can be shipped within the U.S. via pipeline, or 
stored.  It is also shipped or stored as LNG.  LNG is natural gas that has been cooled to about 
-162.2°C (-260°F) for shipment and/or storage as a clear, colorless, and odorless liquid.  It is 
more compact than its gaseous equivalent, with a volumetric difference of about 610 to 1 (Gaul 
and Young, 2003).  Upon delivery to a destination, the LNG is regasified and may be fed into 
pipelines. 
 
1.3.2 Consumption of Natural Gas in the U.S. 
 
 Consumption of natural gas in the U.S. has historically varied with the available 
supply, market constraints, Federal and State regulatory policies, or other factors.  Between 
1949 and 2000, consumption of natural gas averaged 16.69 trillion cubic feet (TCF) per year.  
Peak usage occurred during the early 1970’s, but sagged in the second half of that decade and 
into the 1980’s before restructuring and phased deregulation of the natural gas industry as 
required by the Natural Gas Policy Act of 1978 took effect.  During the early 1990’s, an 
abundance of low priced natural gas spurred U.S. consumption, which began increasing at a 
steady rate.  By 1995, consumption surpassed the peaks in usage experienced in the 1970’s.  
In 2000, natural gas provided about 23.6% of the total energy consumed in the U.S. 
(U.S. Department of Energy, Energy Information Administration, 2003).  This level of 
consumption, at 23.46 TCF, represented a 52-year high (U.S. Department of Energy, Energy 
Information Administration, 2003). 
 
 Figure 1.2, which is based on data for the year 2000, shows U.S. gas use by major 
consumer sectors.  Industry represents the largest sector of natural gas end users (35%), 
followed by electrical power generators (22%), residential users (21%), commercial users 
(14%), and other users including transportation (8%) (U.S. Department of Energy, Energy 
Information Administration, 2003).  The level of residential consumption generally is reflective of 
the weather conditions, since home heating is the most significant determinant of residential 
natural gas use. 
 
 Demand for natural gas as a fuel is expected to continue into the future.  In its 
Annual Energy Review 2003, the U.S. Department of Energy, Energy Information Administration 
(2003) has projected demand for natural gas to increase by 20% to 32%, or up to approximately 
28 to 31 TCF by 2015 (depending on the economic scenario assumed), and up to approximately 
33 to 38 TCF by 2025 (Figure 1.3).  As can be seen in Table 1.3, utilities are expected to 
dramatically increase their reliance on natural gas to fire electricity generators in order to meet 
electricity demand, and at the same time comply with air quality regulations.  Projections out to 
2020 predict even heavier nationwide reliance on natural gas as a fuel.  As a result, natural gas 
is projected to comprise about 25.7% of the total U.S. energy demand in 2025. 
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Table 1.3.  Current and projected U.S. consumption of natural gas by various users. 
 

Projected Consumption 
of Natural Gas1 

(TCF) 
Energy End 
Use Sector 

Current 
Natural Gas 

Consumption 
(2000) 
(TCF) 2015 2020 

% Change 
2000-2015 

% Change 
2000-2020 

Industrial 8.25 10.24 11.27 24.1 36.6 
Commercial 3.22 3.95 4.32 22.7 34.2 
Residential 4.99 5.78 6.14 15.8 23.0 
Other2 1.79 2.43 2.75 35.6 53.6 
Electrical 
Power 
Generation3 

5.21 8.51 10.12 63.3 94.2 

Total 23.46 30.90 34.59 31.7 47.4 
TCF = trillion cubic feet. 
Source: U.S. Department of Energy, Energy Information Administration, 2003. 
1 Based on high economic growth scenario, which differs from low economic growth scenario 

by 2.52 TCF total consumption. 
2 Includes lease plant and pipeline fuel, and fuel consumed in natural gas vehicles. 
3 Includes consumption of energy by electricity-only and combined heat and power plants 

whose primary business is to sell electricity, or electricity and heat, to the public.  Includes 
small power producers and exempt wholesale generators. 

 
1.3.3 U.S. Natural Gas Production 
 
 The primary sources of the natural gas consumed in America have historically been 
from fields in the GOM and southwest, with primary producing states including Louisiana, New 
Mexico, Oklahoma, and Texas.  In 2000, a total of 18.99 TCF of dry natural gas was produced 
in the United States (U.S. Department of Energy, Energy Information Administration, 2003).  
About 0.24 TCF of this natural gas were exported to Canada, Mexico, and Japan in 2000, or 
less than 2% of total U.S. production. 
 
 Outside of the natural gas shortages of the mid-1970’s, the rate of domestic natural 
gas production was generally able to keep pace with growth in domestic demand until the 
1980’s.  Since the mid-1980’s, demand has outstripped domestic production.  There have been 
several reasons for this (U.S. Department of Energy, Energy Information Administration, 2003): 
 

• Surplus supplies amassed in the 1980’s as a result of wellhead price 
deregulation discouraged exploration (Natural Gas Supply Association, 2003).  In 
fact, gas drilling was at very low levels during most of the 1990’s as evidenced by 
a drop in working drilling rigs and wells completed. 

 
• Natural gas fields in the U.S. are more mature and are yielding less natural gas.  

The average productivity of U.S. natural gas wells declined 63% between 1971 
and 1986 before leveling off at about 150,000 to 160,600 ft3 of natural gas per 
day. 
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• Despite large recent increases in well completions, there are smaller finds per 
well.  For example in 2000, the number of new well completions increased by 
almost 45%, but the increase in gas production was only 3.7%. 

 
 The net result is that the U.S. Department of Energy, Energy Information 
Administration’s Annual Energy Outlook 2003 projects that domestic natural gas production will 
increase at a rate that is slower than consumption between now and 2020. 
 
1.3.4 The Role of LNG Imports in Meeting U.S. Demand for Natural Gas 
 
 Imports of natural gas have become increasingly important in supplementing the 
shortfall in domestic production.  In 1986, natural gas imports supplied 4.2% of total U.S. natural 
gas consumption.  By 2000, imports were supplying 3.78 TCF of natural gas to U.S. consumers, 
nearly 16% of total natural gas consumption – a 282% increase in imports over the 14-year 
period (U.S. Department of Energy, Energy Information Administration, 2003). 
 
 The principal supplier of imported natural gas has been Canada, using existing 
pipeline networks.  However, U.S. dependence on imports of Canadian natural gas supplies has 
a problematic future.  A new study by the National Energy Board of Canada (2003) indicates 
that the same issues facing production in U.S. natural gas fields – decreasing initial production 
and increasing well depletion rates – are also becoming a problem for Canadian natural gas 
fields.  The report concludes that those U.S. markets dependent on Canadian natural gas may 
have to rely on imports from other nations in the world (National Energy Board of Canada, 
2003). 
 
 Besides Canada, the U.S. imports natural gas from Mexico.  However, Mexican 
natural gas imports have been erratic and unreliable.  In the 10-year period between 1990 and 
2000, Mexico was only able to export an average of about 11.56 million cubic feet (MCF) of 
natural gas to the U.S., and in three of those years (1990-1992), there were no exports to the 
U.S. at all (U.S. Energy Information Administration, 2001).  Moreover, in 2000, while Mexico 
was able to supply the U.S. with only about 11.6 billion cubic feet (BCF) of natural gas, the U.S. 
was exporting ten times that quantity of natural gas (105.1 BCF) to Mexico. 
 
 Natural gas has been imported to the U.S. in the form of LNG since 1970 from the 
countries of Algeria, Australia, Qatar, Nigeria, Trinidad, the United Arab Emirates, and others.  
Imports from Algeria began in 1970.  The U.S. has imported LNG from the other nations only 
since the mid-1990’s.  Moreover, total quantities of LNG imported have generally been small, 
but have shown steady increase since 1996.  In 2000, LNG accounted for about 6% of total U.S. 
natural gas imports. 
 
 With adjacent countries unable to reliably supply natural gas exports, the U.S. 
government, in recent years, has recognized that increasing the quantity of LNG imports will 
allow the United States to both maintain or expand its current level of economic development 
and meet the domestic shortfall between natural gas supply and demand.  The easing of FERC 
regulations governing onshore import, storage, and regasification facilities and the passage of 
the MTSA, which extended the definition of a deepwater port to natural gas terminals (as 
discussed in Section 1.2.1), were two initiatives intended to encourage the importation of LNG.  
In July 2003, the need to import LNG was acknowledged by Alan Greenspan, Chairman of the 
U.S. Federal Reserve, who testified before the U.S. Senate’s Committee on Energy and Natural 
Resources (Greenspan, 2003).  Mr. Greenspan stated that 
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“If North American natural gas markets are to function with the flexibility 
exhibited by oil, unlimited access to the vast world reserves of gas is 
required.  Markets need to be able to effectively adjust to unexpected 
shortfalls in domestic supply.  Access to world natural gas supplies will 
require a major expansion of LNG terminal import capacity and development 
of the newer offshore regasification technologies.  Without the flexibility such 
facilities will impart, imbalances in supply and demand must inevitably 
engender price volatility.  As the technology of LNG liquefaction and shipping 
has improved, and as safety considerations have lessened, a major 
expansion of U.S. import capability appears to be under way.  These 
movements bode well for widespread natural gas availability in North America 
in the years ahead.” 

 
 In its Annual Energy Outlook Review 2003, the U.S. Department of Energy, Energy 
Information Administration indicates that “overseas natural gas supplies appear to be sufficient 
for international LNG markets well beyond 2025.”  By 2025, the agency estimates that net 
LNG imports will likely provide more than 2 TCF of natural gas per year to the U.S. energy 
market.  This would represent a 750% increase in LNG imports over 2000 levels.  With such a 
substantial increase in LNG imports, the U.S. would need to greatly increase its existing LNG 
import infrastructure. 
 
 The LNG industry in the U.S. today has an inventory of 113 active facilities.  Nearly 
all these facilities are dedicated to the storage needs of local utilities and are between 30 to 
40 years old (Gaul and Young, 2003).  There are five marine LNG terminals in the U.S., four of 
which are located in the lower 48 states – Elba Island, Georgia; Cove Point, Maryland; Lake 
Charles, Louisiana; and Everett, Massachusetts.  One is in Alaska.  The Cove Point marine 
terminal was reopened in July 2003 after being closed for 23 years.  Even if each of these 
terminals could be operated at their maximum sustainable capacity (and some are currently 
being or have been expanded), the U.S. Department of Energy, Energy Information 
Administration (2003) estimates their send-out would be at about 1.47 TCF of natural gas per 
year.  This still would leave an approximate capacity shortfall of between 0.7 and 1.4 TCF 
between the projected throughput of existing terminals and LNG import needs in 2025 (based 
on projected reference and high economic growth cases).  Clearly, the licensing of additional 
regasification terminals, like Gulf Landing, is essential to the expansion of the LNG import 
capabilities of the U.S.  
 
1.4 SHELL SUSTAINABLE DEVELOPMENT PRINCIPLES 
 
 Gulf Landing LLC is part of the Royal Dutch/Shell Group of Companies.  In 1997, the 
Royal Dutch/Shell Group of Companies adopted and publicly announced its commitment to 
operate in a manner consistent with sustainable development.  Shell defines the term 
“sustainable development” the same as the 1987 World Commission on Environment and 
Development (known as the Brundtland Commission) 
 

…meeting the energy needs of the present without compromising the ability of future 
generations to meet their own needs. 
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 Shell’s approach to sustainable development is 
 

• To integrate economic, environmental, and social considerations into 
decision-making; 

• To balance short-term priorities with longer-term needs; and 
• To engage with stakeholders. 

 
 The following are Shell's seven Sustainable Development Principles. These 
principles encompass the range of areas where Shell needs to plan and measure continuous 
improvement to achieve business success while meeting stakeholder expectations.  None are 
new to the way Shell does business, but taken together, they help to integrate the economic, 
social, and environmental aspects of Shell's business and to find a balance between long- and 
short-term corporate goals. 
 

1. Protect the environment - The natural environment supports all human activity.  
Shell continually looks for new ways to reduce the environmental impact of 
operations, products, and services throughout their life; 
 

2. Manage resources - Efficient use of natural resources - for example, energy, 
land, water - reduces costs and respects the needs of future generations.  Ways 
to minimize their use are constantly sought; 
 

3. Respect and safeguard people - Shell aims to treat everyone with respect and 
strive to protect people from harm from products and operations.  They aim to 
respect and value personal and cultural differences and try to help people realize 
their potential; 
 

4. Benefit communities - Wherever Shell works, the company is part of a local 
community.  Shell constantly looks for appropriate ways to contribute to the 
general well-being of the community and the broader societies who grant a 
licence to operate; 
 

5. Work with stakeholders - Shell affects - and is affected by the company 
stakeholders.  The company aim is to recognize their interest in its business and 
to listen and respond to them; 
 

6. Generate robust profitability - Successful financial performance is essential to 
Shell's sustainable future and contributes to the prosperity of society.  
Recognized measures are used to judge profitability.  The company seeks to 
achieve robust profitability by, for example, reducing costs, improving margins, 
increasing revenue, and managing working capital effectively; and 
 

7. Deliver value to customers - Customers are the lifeblood of the business. Shell 
seeks constantly to strengthen existing customer relationships and develop new 
ones. They strive to meet and exceed customer expectations by designing and 
delivering highly attractive and innovative products and services. 

 
 It is in this context that Gulf Landing was conceived and will continue to be 
developed at each stage of its lifecycle. 
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1.5 AGENCY INVOLVEMENT AND COORDINATION 
 
 Prior to developing their Deepwater Port Licensing Application, Gulf Landing LLC 
held a series of meetings with Federal and State regulatory agencies (Table 1.4).  The purpose 
of these meetings was to ensure that data gathered for and presented in the Deepwater Port 
Licensing Application and associated environmental documents would meet all commenting 
agency requirements in terms of “completeness,” and be sufficient to allow a thorough 
evaluation of all aspects of the proposed project. 
 
 
Table 1.4.  Meetings with regulatory stakeholders for the Gulf Landing project. 
 

Regulatory Stakeholder Meeting Date Purpose 

USDOT, USCG, MARAD, RSPA – 
Washington, DC 18 December 2002 

Initial meeting to announce the intent of 
submitting project and review the 
Deepwater Port Licensing Application 
requirements. 

USCG – District 8 – 
New Orleans, LA 
Marine Safety Division 

12 February 2003 Review navigational requirements and 
safety concerns with District 8. 

USDOT, USCG, MARAD, RSPA, – 
Washington, DC 24 February 2003 

Clarification of engineering requirements 
and environmental documentation 
format. 

MMS – New Orleans, LA 
Pipeline Group 24 February 2003 Discussion on pipeline engineering 

configuration and requirements. 

USCG – Washington, DC 8 July 2003 

Update USCG on Gulf Landing design 
modifications and identify their concerns 
relative to safety, NEPA requirements, 
and the application process. 

EPA Region VI – Dallas, TX 22 July 2003 

Present Region VI with an overview of 
the Gulf Landing project and identify their 
concerns and data requirements relative 
to environmental permitting issues. 

USDOT Office of Pipeline Safety – 
Baton Rouge, LA 23 July 2003 

Identify issues relative to pipeline design 
standards, safety, field surveys, and 
decommissioning. 

Louisiana Department of Natural 
Resources/Louisiana Department of 
Wildlife and Fisheries – 
Baton Rouge, LA 

24 July 2003 

Identify Louisiana concerns and data 
requirements relative to the required 
Coastal Zone Consistency statement.  
Identify concerns relative to fisheries and 
other natural resources. 

NOAA Fisheries and USFWS – 
Baton Rouge, LA 24 July 2003 

Identify critical concerns and data 
requirements relative to Essential Fish 
Habitat endangered and threatened 
species, and the issue of entrainment 
and impingement at the warming water 
uptake. 

U.S. Army Corps of Engineers – 
New Orleans, LA  31 July 2003 

Discuss the environmental and 
engineering issues related to dredge and 
fill issues, pipeline routes, and 
navigational fairways. 
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Regulatory Stakeholder Meeting Date Purpose 

MMS (Environmental Meeting) – 
New Orleans, LA  31 July 2003 

Review of environmental concerns and 
NEPA completeness issues from the 
MMS’s viewpoint. 

MMS (Pipeline Section) – 
New Orleans, LA 20 August 2003 Discuss Shell's Gulf Landing project, and 

metering and allocation issues. 

USCG – Washington, DC 
Planning and Stewardship Team 27 August 2003 

Review Gulf Landing alternatives 
analysis and general layout for the 
Environmental Review to make sure the 
planned approach satisfies NEPA 
requirements. 

EPA Region VI – Dallas, TX 24 September 2003 Review air and water permit 
requirements. 

USCG District 8 – New Orleans, LA 
USCG COTP  7 October 2003 

Discussion of safety zones, aids to 
navigation, and anchorages in Block 
213.  Request briefing on future 
involvement of COTP in 
post-construction operations (estimated 
to begin in 2007). 

USCG – Houston, TX 15-16 October 2003 Coordination meeting with the USCG. 
COTP  = Captain of the Port. RSPA = Research and Special Projects Administration. 
MARAD = Maritime Administration. USCG = U.S. Coast Guard. 
MMS = Minerals Management Service. USDOT = U.S. Department of Transportation. 
NEPA = National Environmental Policy Act. EPA  = U.S. Environmental Protection Agency. 
NOAA  = National Oceanic and Atmospheric  USFWS = U.S. Fish and Wildlife Service. 

 Administration Act. 
 
 
1.6 BASIS FOR PREPARING THIS ER 
 
 The Deepwater Port Act of 1974 requires that a license application be submitted to 
the Secretary of Transportation (Secretary).  This application must include detailed plans for the 
construction and operation of the proposed facilities, along with an ER of the potential 
environmental impacts and benefits of the proposed project.  The Secretary has delegated the 
processing of deepwater port applications to the USCG and MARAD.  However, the Deepwater 
Port Act requires the Secretary to make the final determination on all deepwater port 
applications after consulting with other Federal agencies and adjacent coastal states. 
 
 This ER assesses the potential environmental impacts associated with the 
construction, operation, and eventual decommissioning of the proposed Gulf Landing LNG 
regasification terminal.  This document has been prepared to be consistent with NEPA and 
Council on Environmental Quality (CEQ) guidelines for EISs. 
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1.7 ER FORMAT 
 
 This ER follows a format consistent with NEPA requirements and CEQ guidelines for 
EISs.  The document is issue-oriented, providing greater analytical detail on more significant 
concerns and less information on other topics.  The ER contains the following major sections: 
 

• Executive Summary – gives an overview of the document and its findings; 
• Introduction – briefly describes the project, explains purpose and need for the 

project, and discusses the format of the ER; 
• Alternatives – discusses technical and location alternatives, including the 

“No Action,” Alternative evaluated in developing the Preferred Alternative; 
• Existing Environment – describes the physical, biological, and socioeconomic 

characteristics of the environment that might be affected by the alternatives; 
• Environmental Consequences – analyzes potential impacts of constructing, 

operating, and decommissioning an LNG deepwater regasification terminal on 
the physical, biological, and socioeconomic environment.  Included in this section 
are the mitigation and monitoring measures to avoid and minimize potential 
environmental impacts; and  

• Additional sections – address environmental justice, energy requirements and 
conservation, irreversible commitment of resources, potential for environmental 
maintenance, enhancement and productivity, and relationship to laws, executive 
orders, and policies. 
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2.0  ALTERNATIVES 
 
 
 This chapter discusses the reasonable alternatives that were evaluated.  Alternative 
A (the Preferred Alternative) is the construction and operation of a GBS LNG regasification 
terminal in West Cameron Block 213.  Alternative technologies and locations that were 
considered in developing the Preferred Alternative are described.  Alternative B is similar to the 
Preferred Alternative, and the terminal would be located in West Cameron Block 183.  
Alternative C is the No Action Alternative. 
 
 Figure 2.1 illustrates the alternatives that were considered in developing the 
Preferred Alternative.  Development and evaluation of alternatives to meet the project purpose 
and need (Section 1.3) included the following steps: 
 

• Identification of basic technical, engineering, and economic requirements; 
• Preliminary geographic screening (GOM vs. Atlantic coast; offshore vs. coastal); 
• Evaluation of regasification unit alternatives; 
• Evaluation of vaporization unit alternatives; 
• Evaluation of seawater intake and discharge alternatives; 
• Identification and screening of specific project locations; and 
• Comparison of environmental impacts of alternatives. 

 
2.1 PRELIMINARY CONSIDERATIONS 
 
2.1.1 Technical, Engineering, and Economic Requirements 
 
 Gulf Landing LLC initially developed commercial, operational, technical, and 
environmental requirements to screen potential LNG terminal systems and locations.  These 
requirements were designed to ensure that the system and location selected are 
environmentally sound, economically viable, meet vessel and facility operating needs, comply 
with applicable government standards, and are consistent with Shell’s sustainable development 
principles.  Sustainable development principles are generally defined as meeting the energy 
needs of the present without compromising the ability of future generations to meet their own 
needs.  As such, corporate goals for respecting and safeguarding people, protecting the 
environment, working with stakeholders, delivering value to customers, benefiting communities, 
and managing resources wisely are key to the final system selection for the project.  These 
goals are more fully discussed in Section 1.4. 
 
 Various LNG terminal system scenarios were considered for this project.  The 
selection of an appropriate regasification and storage system concept for an LNG terminal 
depends on a number of technical, engineering, and economic requirements that must be 
satisfied for the facility to be commercially viable.  These requirements are as follows. 
 

• Facility Throughput – To be economically feasible, the selected terminal type 
and location must have the ability to receive approximately 135 LNG carrier 
(LNGC) port calls per year and have a peak send-out rate of approximately 
1.2 billion cubic feet per day (BCF/d) of natural gas.  This volume translates to 
approximately 7.7 million tons per annum (mtpa) of regasified LNG.  The facility 
throughput requirement is a principal economic driver behind the project. 
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Figure 2.1.  Flow chart showing alternatives considered in developing the Preferred Alternative.
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• Take-away Capacity – Transportation of a normal send-out rate of 1.0 BCF/d of 
natural gas requires either the construction of new export pipelines and/or the 
use of the existing pipeline infrastructure to deliver the product to the U.S. 
natural gas distribution network.  One or more pipelines of sufficient size are 
required to connect the LNG terminal to existing gas transmission pipelines.  
The pipeline(s) proposed for connection to the terminal must have available 
capacity to accept and further transport at least 1.2 BCF/d of natural gas. 

 
• Ability to Accept Wide Range of LNG Qualities – Natural gas originating from 

various hydrocarbon-bearing regions of the world has chemical components 
that can vary.  Table 1.1 illustrates this variation of chemical constituents and 
concentrations.  The regasification terminal and associated pipelines must 
have the capability to handle a wide range in LNG quality. 

 
• Working Storage – An on-site net working storage capacity of 180,000 m3 

(47,556,000 gal.) is required for the LNG terminal.  This volume of stored LNG 
will last for about 4 days, while the terminal continues to deliver 1.0 BCF/d of 
natural gas into the facility export pipelines.  This storage capacity allows the 
LNG terminal to provide a more measured and consistent delivery of natural 
gas volumes into the pipeline system, thereby relieving pipeline operators from 
the difficulty of managing alternating periods of very low and very high 
throughput.  The ability to deliver consistent volumes of natural gas into the 
connected transmission pipeline(s) was identified as a key technical and 
economic requirement for the project. 

 
• Ability to Handle Large LNGCs – For economic reasons, the project must 

accommodate LNGCs having cargo capacities ranging from 125,000 to 
160,000 m3 (33,025,000 to 42,272,000 gal.) of LNG.  This LNGC size range 
includes most LNG ships currently in operation worldwide.  An LNG unloading 
rate of 10,000 m3/h (44,000 gpm) at the terminal is anticipated. 

 
2.1.2 Geographic Location 
 
 The purpose of the Preferred Alternative is to introduce a new source of LNG to the 
U.S. energy market to help meet the needs of U.S. industry, commercial interests, and 
residential consumers.  It was initially determined that a location along the U.S. Atlantic coast or 
in the GOM would be most appropriate to bring the natural gas economically and efficiently to 
markets in the eastern U.S. 
 
 Initially inshore, including upland, locations for an LNG regasification facility were 
evaluated.  These evaluations immediately showed that for environmental, safety and security, 
and logistical reasons, an offshore location had many advantages over an onshore location.  
Although the Atlantic coast was originally considered a possibility for locating this project, the 
GOM was ultimately selected.  The GOM is a mature oil and gas province, with extensive and 
compatible infrastructure in place.  The distribution and compatibility of offshore pipelines and 
facilities in the GOM provide opportunities and flexibility that do not exist off the U.S. Atlantic 
coast.  The network of offshore pipelines in the GOM also would allow the construction of an 
LNG terminal at some distance from shore.  This offshore construction would allow the facility to 
be placed away from coastal activity and marine traffic, and the isolation of the facility would 
offer some advantages for maintaining port security.  The network of in-place pipelines in the 
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GOM also would allow the project to create partnerships with other transportation companies 
and achieve economies more readily than along the Atlantic coast. 
 
 The specific location for the terminal also must satisfy a number of site-specific 
considerations, which are discussed later in Section 2.8.2. 
 
2.2 REGASIFICATION UNIT ALTERNATIVES 
 
 Four types of LNG regasification systems were considered: a GBS, a Floating 
Storage Regasification Unit (FSRU), a Platform Based Unit, and a Shipbound Regasification 
System.  Each system has advantages and disadvantages, which are explained in the following 
subsections.  Ultimately, a GBS system was selected for the Preferred Alternative. 
 
2.2.1 Gravity Base Structure Design 
 
 A GBS regasification terminal would be composed of two pre-stressed reinforced 
concrete caissons, which are built on shore, towed to the site, and installed on the sea bed.  
The system benefits of a GBS design are as follows: 
 

• The terminal can be constructed using well-proven construction methods and 
technology that have been commonly and successfully used in the offshore oil 
and gas industry for decades; 

• The design would include LNG storage tanks with an 180,000-m3 
(47,556,000-gal.) net storage capacity in 2 tanks of 90,000-m3 (23,778,000-gal.) 
capacity each (1 single storage compartment would result in less operational 
flexibility, and 3 storage compartments would significantly increase the cost); 

• The GBS terminal would provide safe support for the regasification plant and the 
other process equipment and utilities.  The facility could be totally equipped and 
pre-commissioned prior to tow and installation at the operating site; 

• Safe berthing for the LNGCs directly alongside the GBS using proven offloading 
technology (loading arms installed on the GBS) and a mooring face protected 
from open sea; and 

• A GBS regasification terminal could be installed in relatively shallow water 
(15-m [49-ft] depth). 

 
 System limitations for the GBS design are as follows: 
 

• While concrete GBSs of various functions are operating successfully worldwide 
in the most severe environmental conditions, to date, there is no GBS LNG 
regasification terminal in operation; 

• In the foundation analysis, the degradation of the soil under cyclic loads (pore 
pressure build up) will need to be taken into account; 

• With regard to the geotechnical aspect, two main criteria will need to be checked 
to validate the design for the 100 yr-return period event (waves and current), the 
GBS being considered as having a shallow foundation: 

a) Stability with respect to the bearing and sliding capacities; and 
b) Sedimentation expected during the lifetime of the terminal (30 yr); and 

• Scour protection for a GBS will require use of shallow skirts and stone around the 
unit to prevent rapid erosion and scouring below the foundation base.   
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2.2.2 FSRU Design 
 
 Under this alternative, a floating barge would serve as the regasification terminal.  
The barge would essentially be a box-shaped LNGC without propulsion machinery but with 
process and utility equipment located on deck.  The FSRU would be moored using anchor 
chains connected to an external turret, which would allow dual path high pressure gas to be 
sent out through risers to a pipeline end manifold at the sea bed, with subsea pipelines to shore.  
While a spread moored concept (i.e., mooring the barge on a constant heading) could be 
considered, a weathervaning turret moored barge would most likely be required, unless a very 
sheltered location was available. 
 
 Although floating facilities for oil production and storage are already in use, an FSRU 
has not been built to date.  Floating facilities also are used for oil and liquid propane gas storage 
and loading, but most of these are conventional ships strategically located to receive and 
trans-ship oil and liquid propane gas.  An LNG application would require a dedicated barge 
constructed with membrane tanks to allow sufficient deck space for process equipment. 
 
 Standard LNGCs would be used for transportation and offload their cargo at the 
normal rate of 10,000 m³/h into the barge’s tanks.  Currently, the only method of LNG transfer is 
by side-by-side operations through conventional loading arms.  This operation is weather 
constrained. 
 
 The system benefits associated with an FSRU are as follows: 
 

• The side-by-side cargo transfer arrangements would allow a broad scope of 
LNGCs to offload at the facility; 

• The weathervaning concept for the storage barge could reduce requirements for 
tug assistance during the berthing operation (tugs would still be required, unless 
purpose-built LNGCs fitted with bow and stern thrust or even dynamically 
positioned vessels are specified); 

• The FSRU can be located in water depths between 70 and 1,500 m (230 and 
4,900 ft) and is not too dependent on sea bed quality as various anchor 
arrangements are available for different soil conditions; and 

• An FSRU can be disconnected and towed to another site when necessary and 
serve other projects. 

 
 System limitations for FSRUs are as follows: 
 

• Offshore LNG transfer between two moving bodies has not been practically 
proven for LNG applications but in theory is considered to be a viable option, 
provided the weather conditions are sufficiently benign.  However, the LNGC 
may not be able to moor to the FSRU in all environmental conditions, and hence 
the operability could be a critical aspect;  

• Most likely, membrane containment tanks could be required, and sloshing in the 
tanks could be an issue.  However, this is not thought to be a significant technical 
restraint; 

• Operations during hurricanes have not been defined; 
• Cannot use ORV due to the ships’ motions, which result in increased CO2 

emissions from the facility; and 
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• Limited potential for expansion. 
 
 In summary, the FSRU was discounted mainly for uncertainties on new technology, 
operability, regulatory uncertainty, and permitting risk. 
 
2.2.3 Platform Based Unit Design 
 
 The platform based regasification unit design consists of using or re-using an 
offshore platform adapted to include LNG loading arms, and LNG regasification equipment.  
This concept requires locating the high pressure (HP) LNG pumps and vaporizers on the 
offshore jacket structure.  This option does not include significant offshore LNG storage, and 
relies on directly regasing ("direct regas") LNG and exporting it directly into the pipelines.  The 
LNGC would be moored adjacent to a platform with fixed loading arms and a short pipe trestle 
and breasting and mooring dolphins.  The platform would need to be located in water at least 
16.8 m (55 ft) deep to accommodate LNGC berthing. 
 
 Advantages of this system are as follows: 
 

• Conventional construction techniques; 
• Low "environmental footprint"; 
• Schedule flexibility; 
• Conventional loading methods; 
• Can be located near desired infrastructure; 
• Allows the use of standard LNGCs without extra deck equipment; 
• This concept could be implemented fairly quickly, as typical hardware delivery 

times and module prefabrication may take less than 2 yr (critical long-lead 
delivery items are the LNG loading arms, the HP LNG pumps, and the LNG 
vaporizers);  

• LNG storage within the facility is not required; 
• A platform that allows a multi-stage process (and utilites) topside module with 

sufficient space to accommodate the processing facilities; 
• A minimum water depth of 16.8 m (55 ft); 
• Proximity to shore and supply base for marine support craft; and 
• Interconnector subsea gas pipelines. 

 
 Disadvantages of this system are as follows: 
 

• High send-out rates; 
• Intermittent delivery; 
• Unloading time is higher; 
• Relatively high berth occupancy time; 
• Berth operability; and 
• High cost of onshore infrastructure to support the intermittent supply from the 

facility. 
 
 In summary, the platform based unit design was discounted due to operational 
concerns: both carrier exposure risks, and intermittent stress on the downstream infrastructure.  
For these reasons, the system was not selected for the Preferred Alternative. 
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2.2.4 Shipboard Regasification Systems 
 
 Under these systems, each LNGC is fitted with regasification equipment, and no 
offshore facility based regasification equipment is required.  Because the LNG is actually 
revaporized with the LNGC’s on-board equipment, no fixed platform, jetty, GBS, or large 
regasification terminal is required.  Since natural gas vapor can be discharged via a flexible 
hose, LNGCs can be effectively moored offshore with a single point mooring (SPM) buoy or 
other sophisticated mooring systems such as a submerged turret loading system.  Such an 
approach is possible because there is no requirement to have rigid, fixed loading arms to 
transfer cryogenic LNG.  Shipboard regasification systems would have to deliver natural gas 
directly into a new or existing offshore pipeline since there are no facilities to store the product.  
 
 Shipboard regasification systems have a number of benefits and disadvantages.  
The benefits of these systems are as follows: 
 

• A regasification terminal that consists of a SPM buoy or submerged turret loading 
system and presents a relatively small environmental footprint; 

• Fewer acres of bottom disturbed or covered by structures; and  
• No requirements for offshore storage. 

 
 The major disadvantages of shipboard regasification systems are as follows: 
 

• Each LNGC in a carrier’s fleet must be fitted with regasification equipment that 
would be used only at a specialized regasification facility.  This regasification 
equipment is expensive and cannot be used while the carrier is at sea, which 
cuts utilization rates to a fraction of that expected from terminal based 
equipment; and 

• Shipboard regasification is also a slow process, and since no on-site storage of 
LNG is available, each carrier must remain at the receiving buoy for several days 
during the regasification process.  Shipboard regasification systems require the 
LNGC to remain at the discharge station for 5 or 6 days while revaporizing the 
LNG on board. Such a lengthy port call dramatically reduces the number of 
LNGC visits per year, drives demurrage costs up, and reduces the volume of gas 
that can be brought to market.  

 
 This system produces an interruptible gas supply similar to the platform 
regasification system discussed previously, and produces interruptions in the gas supply 
downstream.   
 
 In summary, the cost in terms of LNGC regasification fitting, LNGC time on station, 
and the fluctuation of throughput capacity do not meet Gulf Landing LLC’s requirement for 
commercial viability and flexibility.  For these reasons, shipboard regasification systems were 
not selected for the Preferred Alternative. 
 
2.2.5 Conclusions 
 
 A GBS system was selected for the Preferred Alternative.  This system meets all of 
Gulf Landing LLC’s operational and economic requirements, and all of the limitations identified 
can be addressed.  A FSRU system has important disadvantages including sensitivity to severe 
weather conditions, and the process of obtaining regulatory approval is expected to be very 



Deepwater Port License Application Gulf Landing LLC 

October 2003 2-8 Environmental Review 

challenging and time consuming since no U.S. standards currently exist for evaluating these 
systems.  A platform based system is considered more likely to have interruption of gas supply, 
and the throughput required for the commercial viability of the project may not be achieved 
using this system.  Similarly, throughput considerations and concerns about interruptions of 
downstream supply render shipboard regasification systems unacceptable in terms of Gulf 
Landing LLC's purpose and need for this project. 
 
2.3 VAPORIZATION UNIT ALTERNATIVES 
 
 Four potential types of LNG vaporizer units were initially reviewed for possible use 
on the LNG terminal.  These vaporization units were 
 

1. Open rack vaporizers (ORVs), which use unheated water or seawater at ambient 
temperature as the warming agent to regasify LNG;  

 
2. Submerged combustion vaporizers (SCVs), which burn a portion of the regassed 

natural gas in a submerged heating system and warm closed loop heating 
medium to help in the regasification process; 

 
3. Intermediate fluid vaporizers (IFVs), which use an enclosed system an some 

intermediate fluid (typically propane) to revaporize LNG. The use of IFVs in 
onshore terminals is usually discounted due to their higher operating cost and the 
safety issues associated with the storage and possible release of the 
intermediate revaporization fluid. 

 
4. Shell and tube vaporizers (STVs), which use steam or water glycol as the heating 

medium to revaporize the LNG.  STVs using seawater have been considered, but 
this concept has not been proven yet.  STVs using glycol and hot water have 
been successfully employed in site-specific instances, but they only become 
feasible alternatives when advantage can be taken from an existing heat or 
steam source.   

 
 Based on the above considerations, ORVs and SCVs were considered as the two 
most feasible configurations for a regasification terminal in the GOM.  Both systems represent 
proven technology and each has inherent safety, environment, and resource management 
attributes that were extensively evaluated as discussed below.  Ultimately, the ORV system was 
selected for the Preferred Alternative.  It should be noted that the optimal vaporizer selection is 
based on a case by case review of the system design and operating conditions. 
 
2.3.1 System Descriptions 
 
2.3.1.1 ORVs 
 
 An ORV uses pumped and treated ambient seawater as the heat source for 
vaporizing the LNG into gas.  An ORV consists of two horizontal headers connected by a series 
of vertical heat transfer tube panels made of aluminum alloy.  LNG enters the bottom header 
and moves up through the tubes, while seawater flows down along the outer surface of the tube 
panels in a once-through mode.  Vaporized gas is collected and removed from the top header.  
Sodium hypochlorite is usually injected at the suction of the seawater pump to prevent marine 
growth.  The cooled seawater is collected in a trough and sent under gravity to the water outfall, 
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which is located far away from the seawater intake to avoid recirculation of cold water 
(Figure 2.2). 
 
2.3.1.2 SCVs 
 
 In an SCV, the pressurized LNG is vaporized in a stainless steel tube coil immersed 
in a bath of hot water that is heated by combusting natural gas (Figure 2.3).  The burning takes 
place in a distributor duct that is immersed in the water bath.  The products of combustion are 
exhausted (sparged) directly into the water bath, which is used as the heat transfer media for 
vaporizing the LNG in the tube coil.  This vaporization process consumes vaporized LNG as 
fuel.  Each SCV will require a high power electric motor-driven air blower to support the 
combustion process and to force the combustion flue gas through the water bath.  The SCV 
process generates acidic water, which requires pre-treatment with chemicals before discharge. 
 
2.3.2 Cost for Construction 
 
 A detailed cost analysis was completed to compare the ORV and SCV design 
options on a like-with-like comparison for the life of the field.  The comparison was completed 
based on the direct regas concept.  The relative differences between the options and associated 
conclusions will equally apply to the GBS concept. 
 
 Based on these cost elements, the total cost to build the project using ORVs would 
be approximately $18 million more than using SCVs.  This analysis was based on a direct 
regasification concept.  As applied to a GBS case, the CAPEX estimate would be reduced by 
approximately 40% for both ORVs and SCVs.  The OPEX differences associated with the SCV 
versus ORV comparison for the GBS concept will be the same as the OPEX differences 
calculated for the direct regas concept. 
 
2.3.3 Cost for Operations 
 
 A Net Present Value (NPV) analysis was performed to estimate the operational 
difference in cost between using an ORV or a SCV to vaporize imported LNG.  This analysis 
was based on 30 years of operation and a 6% annual discount rate.  Only costs directly 
associated with the ORV or the SCV were included in this analysis.  For example, costs 
associated with the LNG surge tanks were not included because these tanks will be required 
regardless of the type of vaporizer chosen.  Since a detailed design of each type of vaporizer 
unit is not available at this time, this NPV analysis is based on the cost of large identifiable items 
specific to each vaporizer type. 
 
 The NPV analysis indicates that an ORV system would cost approximately 
$244.6 million less to operate than an SCV system.  Taking into account the $18 million 
difference in construction costs between the two systems cited previously, the ORV system 
would save approximately $226.6 million over the life of the project. 
 



D
eepw

ater P
ort License A

pplication
G

ulf Landing LLC

O
ctober 2003

E
nvironm

ental R
eview

2-10

CSA

Figure 2.2. Simplified flow schematic - open rack vaporizer case.
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Figure 2.3. Simplified flow schematic - submerged combustion vaporizer case.
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2.3.4 Equipment Reliability 
 
2.3.4.1 ORVs 
 
 Each train consists of a seawater intake pump and “shelless” tube heat exchanger, 
which will require regular cleaning.  Very little instrumentation is required, either for protection or 
for control.  Seawater pumps in this application are a well-proven design, not pushing any limits.  
Seawater treatment, other than biocide injection and coarse filtration, is not required. 
 
2.3.4.2 SCVs 
 
 Each train consists of a direct fired water bath heater and a blower.  The water bath 
heater will have a fuel gas supply, ignition and combustion system, temperature control, and 
protective instrumentation.  Large units also may require closed loop forced circulation burner 
cooling water systems.  Consideration also should be given to tube rupture protection systems: 
the SCV is an enclosed unit, and rapid phase transition of LNG on contact with water would not 
have an easy relief path.  Water must be continuously withdrawn during operation since it is a 
product of combustion.  Additional auxiliary utility systems would consist of a water make-up 
system, for startup, and a water bath neutralization system.  These require maintenance above 
and beyond what is required for an ORV and are subject to failure resulting in real or nuisance 
trips and additional downtime.  From experience, blowers tend to require more maintenance 
than seawater pumps.  The overall reliability of SCVs therefore is expected to be lower than for 
ORVs. 
 
2.3.5 Electrical Power Generation and Distribution 
 
 The ORV case electrical load is approximately 21.8 MW.  The SCV case electrical 
load is approximately 23.8 MW.  These load totals include the facility base or “off-peak” loads 
(1.2 MW) but do not include any future expansion loads.  The SCV case requires two more high 
voltage motors than the ORV case.  Supporting the SCV case would require additional 
switchgear/motor control, interconnects, cabling, etc.  The two cases are not significantly 
different, and neither case provides an obvious advantage over the other. 
 
2.3.6 Environmental Impacts 
 
2.3.6.1 ORVs 
 
 The ORVs proposed for this project would use up to 126,816,000 gallons/day of 
seawater to vaporize LNG.  This is approximately the same once-through water demand as that 
of a 500-MW combined-cycle power plant.  Discharge water returned to the GOM would contain 
sodium hypochlorite used to prevent biofouling, and would be 10ºC below ambient seawater 
temperature.  The mortality rate for organisms entrained in the intake water is expected to be 
100%. 
 
 Modeling of the cool water plume anticipated from the use of ORVs at the proposed 
site indicates that at a distance of 100 m (328 ft) from the discharge point, the discharge water 
temperature along the seafloor will be 1ºC or less below the ambient water temperature.  
Sodium hypochlorite concentrations at this same distance will be less than 0.05 ppm.  This level 
of temperature reduction and sodium hypochlorite concentration is not anticipated to produce 
significant environmental impacts to the biological communities present in the area (see 
Sections 4.2.1.2.2 and 4.2.2.1.2). 



Gulf Landing LLC  Deepwater Port License Application 

Environmental Review 2-13 October 2003 

 
 Entrainment (carrying of organisms with the natural water), and the associated 
phenomenon of impingement (the retention of larger fishes and other organisms on screens 
placed across the intakes), are considered potentially significant impacts to any project that 
draws natural waters into a system for thermal alterations.  Entrainment generally affects 
smaller sized organisms including planktonic eggs and larvae of fishes and invertebrates.  Once 
drawn into the system, entrained organisms are subjected to mechanical damage by physical 
contact with pipes, screens, pumps, and other components.  In addition, chemical (sodium 
hypochlorite) treatment to retard biofouling within the intake system will present a toxicity 
challenge to entrained organisms.  In the open, GOM densities and species composition of fish 
eggs and larvae change in cross-shelf fashion (see Section 3.2.1.2).  Survey data indicate that 
ichthyoplankton volumes are lower in offshore waters than in coastal areas.  However, the 
finding that larvae of some species concentrate under and around offshore oil and gas platforms 
suggests that without mitigation, ORVs at the project site could entrain appreciable numbers of 
eggs and larvae of species attracted to structures (see Section 4.2.2.1.2). 
 
 Entrainment rates have been estimated by multiplying known fish larval densities by 
the intake rate (Section 4.2.2.1.2).  Densities of larvae collected in plankton nets from around a 
nearby platform in the GOM were used to calculate estimated entrainment rates in terms of fish 
per day for the proposed seawater intake rate of 20,000 m3/h.  The average density of fish 
larvae, including all species, collected from the South Timbalier 54 platform was 166 fish/100 m3 
(Shaw et. al, 2002).  When this value was multiplied by the 20,000-m3/h (480,000-m3/day) intake 
volume, an entrainment rate of 796,800 fish larvae/day was obtained. 
 
 These estimates should be viewed with caution, as there are numerous uncertainties 
involved.  Data from single platforms within a depth stratum cannot provide estimates of spatial 
variability necessary to make scientifically reliable projections.  Larval fish distributions are 
notably patchy and vary greatly in time and space.  For example, Shaw et al. (2002) found that 
most fish larvae were collected in surface waters as opposed to near bottom waters around the 
platforms sampled. 
 
 The important aspect of larval mortality is its eventual effect on future adult 
populations.  It is reasonable to assume that all entrained organisms die in the process 
(Myers et al., 1986).  The population level impacts of these losses are uncertain; natural 
mortality of larval fishes is very high (~90%) due to many factors such as predation, starvation, 
and disease (Houde, 1987). 
 
 Extrapolation of the estimate of 796,800 fish eggs and larvae potentially entrained 
per day with an ORV system yields the following estimates of impacts on the total planktonic 
population present in specific reference parcels of water: 
 

• Within 100 m (328 ft) of the intake, the potential for entrainment is estimated at 
90% of fish eggs and larvae present; 

• Within 500 m of the of the uptake, the potential for entrainment is estimated at 
3.6% of the fish eggs and larvae present; and 

• Within West Cameron Block 213, the potential for entrainment is estimated at 
0.12% of the fish eggs and larvae present. 

 
 Impingement occurs when larger organisms entering the intake system are blocked 
by mesh screens or other barriers.  Screens are used to prevent larger debris from damaging 
pumps and other parts of the intake system.  Fish trapped against barriers can survive if they 
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are removed before fatigue sets in.  Generally, impingement is a concern for organisms that are 
between 3 and 10 cm long.  Fishes larger than 10 cm can swim fast enough to avoid the intake, 
whereas organisms smaller than 3 cm will pass through mesh and thus become entrained.  
Many of the fish within the 3 to 10 cm size range should be able to avoid the proposed intake 
velocity of less than 0.15 m/s (less than 0.5 ft/s) (Myers et al, 1986). 
 
2.3.6.2 SCVs 
 
 In contrast with ORVs, SCVs would involve significantly increased air emissions in 
terms of water vapor, CO2, and NOx due to the combustion of natural gas to warm seawater.  
The CO2 emissions rate for the facility is increased by a factor of 19 for the SCV option 
compared to the ORV option (105,960.96 MT/year for SCVs vs. 5,562.95 MT/year for ORVs), 
and NOx emission levels could reach 50 ppm at the exhaust outlet.  Emissions of NOx from the 
SCVs can be reduced if necessary by the addition of selective catalytic NOx reduction, but this 
still leaves the additional water vapor and CO2 releases unmitigated.  CO2 is produced in the 
ORV case in the power generation case.  Shell has a corporate-wide mandate to reduce 
greenhouse gas emissions. 
 
2.3.7 Safety Issues 
 
2.3.7.1 ORVs 
 
 Safety related disadvantages of ORVs are the fact that they may require the use of 
divers to clean and maintain screens around the warming water intake, and leaks in the 
warming tubing could occur and have the potential to represent a hazard to on board personnel. 
 
2.3.7.2 SCVs 
 
 The most significant safety disadvantage to the SCVs is that they represent a 
potential ignition source with a flashback and explosion risk due to the amount of LNG and 
natural gas contained in the restricted area of the GBS.  Fired equipment in the offshore 
environment is manageable for SCVs, but avoidable for the ORV.  Separation distance is limited 
on an offshore structure. 
 
2.3.8 Energy Requirements and Efficiency of Energy Use 
 
 SCVs would significantly reduce the overall energy efficiency of the project in terms 
of its ability to supply natural gas to the U.S. market.  Estimates indicate that ORVs that use 
seawater warmed by solar radiation are 20 times more energy-efficient than SCVs.  The natural 
gas burned to vaporize LNG at the terminal is essentially lost to consumers downstream. 
 
2.3.9 System Comparisons 
 
 Table 2.1 presents a matrix comparison of the advantages and disadvantages 
associated with using ORVs or SCVs for LNG vaporization. 
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Table 2.1.  Open rack vaporizer (ORV) versus submerged combustion vaporizer (SCV) 
comparison matrix. 

 

Comparison Topic ORV SCV 

Construction Cost $18 million higher -- 
Operating Cost (Net 
Present Value over 
the life of the facility) 

$244.6 million lower -- 

Equipment Reliability Higher Lower 

Electrical Power 
Generation and 
Distribution 

No Advantage No Advantage 

Environmental 
Impacts:  
Air Emissions 

• Low overall air emissions to the 
environment for power 
generation 

• Increase of total facility CO2 
emissions is 20 times greater 
than ORV case 

• Increased NOx emissions that 
may require specific mitigation 
measures 

• CO2 hazards to personnel on 
the facility/near-field dispersion

Environmental 
Impacts: Water Quality 
and Marine Life 

• Cold water being discharged to 
the environment may impact the 
local ecology 

• Potential entrainment and 
impingement of marine life at 
the water intake, requiring 
specific mitigation measures 

• Requires use of biofouling 
inhibitor, which is discharged to 
the environment 

• Requires less water intake and 
discharge than ORV; therefore, 
lower potential for entrainment, 
impingement, and discharge 
impacts 

Safety 

• Divers may be required for 
cleaning/maintenance of the 
intake screens 

• Leaks to the atmosphere can 
occur and have the potential to 
represent major hazards 

• Potential ignition risk/flashback 
hazard for large LNG/natural 
gas releases on the installation

• Blower hazards/personnel 
exposure 

• Increased chemical handling 
and exposure associated with 
water treatment systems 

• Internal leaks of LNG/natural 
gas would escape via the 
system vent 

• Area classification may impact 
location and relative size of 
other equipment items 

Energy Efficiency -- 20 times more energy used by the 
facility 

LNG = liquefied natural gas. 
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2.3.10 Conclusions 
 
 The ORV is preferable to the SCV in terms of environmental protection, use of 
energy resources, and safety in the following areas: 
 

• SCVs would result in a significant increase in the level of carbon dioxide and 
water vapor emissions from the facility.  Again, these emissions could be 
managed within the current environmental regulatory regime, but they do not 
exist with ORVs; 

• SCVs would significantly reduce the overall energy efficiency of the installation 
(20-fold increase in energy usage over ORVs).  This increased energy use 
translates into a very significant increase in the operating cost of the installation; 
and 

• SCVs represent a potential ignition source in the process area.  While this risk is 
potentially manageable, it is a risk that does not exist with ORVs. 

 
2.4 CONTAINMENT SYSTEM ALTERNATIVES 
 
 During the design development and engineering analysis phase of this project, three 
primary, potential LNG containment system options were identified.  These are as follows: 
 

1. A prismatic membrane tank system; 
2. A self-supporting 9% nickel-steel cylindrical tank system; and  
3. A self-supporting prismatic tank (SBP). 

 
 The membrane tank system consists of a primary and secondary barrier, insulation, 
and support arrangements to the inner concrete surfaces of the GBS.  The primary liquid and 
vapor barrier consists of a corrugated stainless steel membrane that is placed on the LNG tank 
bottom and walls.  The secondary barrier runs behind the membrane and consists of a hybrid 
Permaglass/Triplex liner.  In the event of a primary barrier failure, the secondary barrier would 
contain any leaked LNG.  Polyurethane foam panels are used for insulation and are located 
between the secondary barrier and the concrete wall of the GBS.  The LNG tank has a 
suspended, glasswool insulated, aluminum roof. 
 
 The 9% nickel-steel system consists of a self-standing steel cylindrical tank, as 
typically found in an onshore application.  The LNG is contained in a 9% nickel-steel container, 
which is surrounded by loose Perlite insulation around the walls and Perlite concrete beneath 
the floor. 
 
 The self-supporting prismatic tank consists of a self-supporting tank system with 
stiffeners (bulkheads) inside the tank.  The tank rests on a large number of reinforced 
epoxy/plywood blocks that are supported by the bottom of the concrete inner hull.  The tank 
takes both the thermal and structural loads.  The tank is insulated by external application of 
polyurethane materials.  
 
 Each of these three options offers a technically achievable solution that meets the 
engineering and HSE requirements under Gulf Landing LLC’s Purpose and Need (Section 1.3).  
Analyses of each of these containment options are presented in summary in Table 2.2.  
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Risk Ranking Key   
 

 
 

 
 

 

 G 
Lower Risk - Risk manageable through typical design, engineering and operating controls 

 
 

 

 

 Y 
Medium Risk - Risk requires focused risk management through the design, engineering and operations. 

 
 

 

  R 
Higher Risk - Risk is potentially intolerable, and requires additional controls or mitigation to manage the risk through design, engineering and 
operations.  

 

 

Table 2.2.  Comparison of containment alternatives. 
 

 Differences 
Reference 
Number R

is
k

 

Corrugated Membrane System 

R
is

k
 

9% Nickel Tank (Cylindrical) 

R
is

k
 

Self Supporting Prismatic System 

 

 

Description of Option   This system uses the primary concrete structure for structural support 
of the "tank". The tank is formed with a series of layers of materials 
that are connected directly to the concrete. The layers include: 
- moisture barrier 
- string mastic 
- insulation layer 
- permaglass secondary liner 
- plywood sheet 
- corrugated membrane sheet 
The system is installed in panels, which are attached to the concrete 
structure and joined together to form the containment system within 
the GBS.  
 
NOTE: The membrane option has been used as the basecase for 
the GBS design. This system has been used for both LNG carrier 
and onshore tanks, although the design differs depending on the 
application. 

  This system uses typical onshore tank design. Cylindrical tanks 
would be built inside the concrete structure. The tanks would be 
free standing and be supported by the bottom of the concrete 
structure. There would be a gap between the tank and structure 
walls. 
 
Elements of the tank would be manufactured off-site, 
transported to the graving yard for fabrication / construction 
within the structure. 
 
NOTE: The "9% nickel tank" option represents the more 
standard, cylindrical, onshore design that has been applied 
extensively to LNG storage facilities. It is judged to 
represent a realizable, practical alternative.  This system is 
employed in over 100 onshore tanks worldwide. 

  This system uses cylindrical or "square" tanks designed to fit 
within the concrete structure. The tanks would be free standing 
and be supported by the bottom of the concrete structure. There 
would be a gap between the tank and structure walls. 
 
Elements of the tank would be manufactured off-site, 
transported to the graving yard for fabrication / construction 
within the structure. Or, the tank could be completely fabricated 
off-site and set in the structure. 
 
NOTE: The self-supporting, prismatic tank option has been 
applied to LNG carriers and is thought to represent a 
realizable, practical alternative.  Two LNG carriers have 
been built to date using this tank system. 

P
ro

fi
t Market Conditions   

R 

There are currently three vendors that offer membrane containment 
systems, however, only one is approved by Shell for use in LNG land 
based storage systems. G

There are numerous vendors available on an international or 
domestic basis. 

R

There is primarily one vendor for this technology, which holds a 
patent. 

Safety 

External Hazards 

Ship contact during berthing 1a 

G 

The concrete walls of the GBS provide protection of the containment 
system from berthing incidents. The concrete structure will be 
designed to withstand these events without damage to the 
containment system.  G

The concrete walls of the GBS provide protection of the 
containment system from berthing incidents. The concrete 
structure will be designed to withstand these events without 
damage to the containment system.  G

The concrete walls of the GBS provide protection of the 
containment system from berthing incidents. The concrete 
structure will be designed to withstand these events without 
damage to the containment system.  

Ship collisions 1b 

G 

Impact on the GBS from a collision with a large vessel is likely to 
cause significant damage to the GBS and theoretically to the 
containment system. It is unlikely for a vessel collision to have 
sufficient energy to penetrate the GBS concrete cellular structure but 
the attachment of the membrane to the inner walls could be affected. G

Impact on the GBS from a collision with a large vessel is likely to 
cause significant damage to the GBS and theoretically to the 
containment system. It is unlikely for a vessel collision to have 
sufficient energy to penetrate the GBS concrete cellular 
structure and thus affect the containment system. G

Impact on the GBS from a collision with a large vessel is likely to 
cause significant damage to the GBS and theoretically to the 
containment system. It is unlikely for a vessel collision to have 
sufficient energy to penetrate the GBS concrete cellular 
structure and thus affect the containment system. 

P
e

o
p

le
 

Dropped Objects 2 

G 

The GBS concrete deck provides the primary protection for the LNG 
storage against dropped objects. Penetration of the concrete roof and 
steel liner would result in a vapor release. However, it is considered 
unlikely that under normal circumstances an object could be dropped 
with sufficient magnitude to breach the GBS deck structure. 
 
For the membrane tank it may be difficult to inspect or repair any 
damage without a significant shutdown period to evacuate.  G

The top of the 9% Ni tank would most likely extend above the 
deck level of the GBS and would require additional protection 
from dropped objects. The design and type of protection 
required will be developed as the design of this option 
progresses. 

G

The GBS concrete roof provides the primary protection for the 
LNG storage against dropped objects. In the case of the 
Prismatic tank, the tank itself will act as an additional barrier to 
prevent escalation. However, it is considered unlikely that any 
object of sufficient magnitude to breach the GBS will also breach 
the containment system. 
 
For dropped objects that damage the deck/roof of the enclosing 
caisson, it may be possible to inspect and repair the concrete 
structure without excessive shutdown periods because of the 
self-supporting nature of the SPB tank 
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Table 2.2.  (Continued). 
 

 

Risk Ranking Key   
 

 
 

 
 

 

 G 
Lower Risk - Risk manageable through typical design, engineering and operating controls 

 
 

 

 

 Y 
Medium Risk - Risk requires focused risk management through the design, engineering and operations. 

 
 

 

  R 
Higher Risk - Risk is potentially intolerable, and requires additional controls or mitigation to manage the risk through design, engineering and 
operations.  

 

 

 Differences 
Reference 
Number R

is
k

 

Corrugated Membrane System 

R
is

k
 

9% Nickel Tank (Cylindrical) 

R
is

k
 

Self Supporting Prismatic System 

Water Ingress 3 

Y 

Water ingress through the concrete structure is not expected, but 
could cause deterioration and failure of the membrane should it occur. 
This is managed through the use of concrete wall/floor moisture 
barriers, continuous monitoring systems, residual concrete 
compression and reinforcement guidelines, construction quality 
control and dry ballast in chambers adjacent to the tank space. 

G

Less vulnerable than the membrane option. 

G

Less vulnerable than the membrane option. Any water will 
accumulate on the floor of the structure and be pumped out. 

Fire and Explosion Events 

Process Releases 4 

G 
The risk of escalation from the process facilities to the LNG storage is 
not effected by the containment type. G

The risk of escalation from the process facilities to the LNG 
storage is not effected by the containment type. G

The risk of escalation from the process facilities to the LNG 
storage is not effected by the containment type. 

Storage Releases 5 

Y 

LNG is a non-corrosive, inert fluid that does not attack or damage the 
tank during normal storage conditions. The tank is provided with 
highly reliable overpressure protection and leak detection systems. 
Therefore the potential for a failure is considered to be very unlikely. 
 
Containment integrity is managed through continuous gas detection 
monitoring using a sweep gas (nitrogen) in the membrane gaps and 
insulation space, and low temperature probes at the concrete 
walls/bottom. 
 
External visual inspection of the tank is not possible due to the design 
of the system that requires structural support to be provided by the 
concrete wall.  
 
Internal inspection is possible, but this will require a lengthy shutdown 
to prepare, inspect and re-instate the tank. Further, it is unlikely that 
internal inspection will increase the understanding of tank integrity. 
(Internal visual inspections are unlikely to be able to detect small 
imperfections or leaks that are not identified during the post-
fabrication inspection or in-service continuous temperature and gas 
detection sampling.)  
 
Further, there is the potential that the inspection process (warm-up,  
cool-down, purging etc.) or access activities could lead to damage  
to of the tank membrane resulting in decreased tank integrity. 

G

LNG is a non-corrosive, inert fluid that does not attack or 
damage the tank during normal storage conditions. The tank is 
provided with highly reliable overpressure protection and leak 
detection systems. Therefore the potential for a failure is 
considered to be very unlikely. 
 
Containment integrity is managed through continuous monitoring 
of the tank - structure gap with gas and low temperature 
monitoring. 
 
Internal inspection of the tank is possible, but will require a 
lengthy shutdown of the tank associated with draining, warm-up, 
purging, entry, cool-down, etc. The system would use 4 
cylindrical tanks, which would result in less impact on operations 
that the 2 tanks in prismatic options. 
 
Access to the external surface of the tank for inspection will be 
problematic due to the need to remove insulation material within 
the confined spaces between the concrete structure and tank. 

G

LNG is a non-corrosive, inert fluid that does not attack or 
damage the tank during normal storage conditions. The tank is 
provided with highly reliable overpressure protection and leak 
detection systems. Therefore the potential for a failure is 
considered to be very unlikely. 
 
Containment integrity is managed through continuous 
monitoring of the tank - structure gap with gas and low 
temperature monitoring. 
 
Internal inspection of the tank is possible, but will require a 
lengthy shutdown of the tank associated with draining, warm-up, 
purging, entry, cool-down, etc.  
 
Access to the external surface of the tank for inspection will be 
problematic due to the need to remove insulation material within 
the confined spaces between the concrete structure and tank. 

P
e

o
p

le
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C
o

n
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n
u

e
d
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Structural Failure 6 G 
No differences 

G
No differences 

G
No differences 
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Table 2.2.  (Continued). 
 

 

Risk Ranking Key   
 

 
 

 
 

 

 G 
Lower Risk - Risk manageable through typical design, engineering and operating controls 

 
 

 

 

 Y 
Medium Risk - Risk requires focused risk management through the design, engineering and operations. 

 
 

 

  R 
Higher Risk - Risk is potentially intolerable, and requires additional controls or mitigation to manage the risk through design, engineering and 
operations.  

 

 

 Differences 
Reference 
Number R

is
k

 

Corrugated Membrane System 

R
is

k
 

9% Nickel Tank (Cylindrical) 

R
is

k
 

Self Supporting Prismatic System 

Construction Phase Risks 7 

G 

Most of the construction activity for the membrane tank takes place 
within the GBS at the graving yard site. The potential for work place 
injuries or accidents should be similar for the different tank 
technologies due to the similarity in the number of manhours. 
 
However, the type of work completed for the membrane tank requires 
increased working within a confined space, working at height and 
working with hazardous chemicals (ammonia). These activities will 
result in the potential for increased work place accidents if not 
managed efficiently at the work site. Noting that these risks are and 
have been successfully managed in the shipyards and landbased 
applications. 
 
The local workforce for this activity is not currently trained or 
experienced in the construction of membrane technology. Given the 
relatively complex nature of the task there is a potential for increased 
construction phase accidents associated with the membrane system.

G

The manufacture of the tank components will take place off-site. 
The tank pieces will then be lifted into place. This activity will 
result in dropped object risks during the construction activity, 
which does exist to the same extent with the other options. 
However, this is thought to be a manageable risk using typical 
construction site dropped object risk management tools. 

G

Most of the construction activity associated with the construction 
of the tank will take place in the manufacturers facility. The 
construction technology, systems, and procedures will be 
completed using an established facility and workforce. 
 
Once the tank is completed it will be transported to site either as 
a complete unit or as pre-assembled pieces that will be mated 
within the GBS. This lift will be a heavy lift and requires 
additional risk management tools and procedures to ensure that 
it is carried out safely. 
 
There is also a potential to damage the tank during installation 
Tank damage would require either on-site repair by the vendor 
or a new tank would need to be provided. There is a potential for 
a significant schedule impact should a replacement be needed. 

Transportation 8 

G 

The membrane components will be manufactured as bulk material 
and be delivered to site as such.  

G

There will be road / marine transport risks associated with the 
transport of the tank components from the vendors 
manufacturing facility to the graving yard. These risks will be 
managed using typical risk management tools for road and 
marine transport. 

Y

The tank will be transported to site from an overseas location 
(probably), either as complete tanks or in pre-assembled 
components. 

Decommissioning Phase 
Risks 

9 

G 

The material used for the construction of the membrane may result in 
a requirement to remove some or all of the liner for some 
decommissioning options. It is unclear as to the extent required or the 
ability to remove this material. G

The tank / liner could be removed from the GBS during 
decommissioning and recycled / re-used on a standalone basis.

G

The tank / liner could be removed from the GBS during 
decommissioning and recycled / re-used on a standalone basis.P

e
o

p
le
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C
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n
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n

u
e
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Terrorist Attack 10 

G 

The explosive force required to penetrate the concrete cell structure 
will probably rupture the LNG containment system resulting in a fire.  
 
This would require sophisticated weaponry.  
 
This event, should it occur, will not endanger members of the public 
due to the offshore location of the installation. G

The explosive force required to penetrate the concrete cell 
structure will probably rupture the LNG containment system 
resulting in a fire.   
 
This would require sophisticated weaponry.  
 
This event, should it occur, will not endanger members of the 
public due to the offshore location of the installation. 

G

The explosive force required to penetrate the concrete cell 
structure will probably rupture the LNG containment system 
resulting in a fire.   
 
This would require sophisticated weaponry.  
 
This event, should it occur, will not endanger members of the 
public due to the offshore location of the installation. 
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Table 2.2.  (Continued). 
 

 

Risk Ranking Key   
 

 
 

 
 

 

 G 
Lower Risk - Risk manageable through typical design, engineering and operating controls 

 
 

 

 

 Y 
Medium Risk - Risk requires focused risk management through the design, engineering and operations. 

 
 

 

  R 
Higher Risk - Risk is potentially intolerable, and requires additional controls or mitigation to manage the risk through design, engineering and 
operations.  

 

 

 Differences 
Reference 
Number R

is
k

 

Corrugated Membrane System 

R
is

k
 

9% Nickel Tank (Cylindrical) 

R
is

k
 

Self Supporting Prismatic System 

Stakeholders 

Workforce 11 

G 

High local content for execution of the work. Foreign supervision 
would be required for initial training and ongoing supervision of 
construction and installation of the membrane system. 

G

There are numerous North American vendors who can 
manufacture and supply the containment system. Local content 
will be utilized for the final fabrication and integration of the tanks 
within the GBS. G

The containment system will be manufactured overseas by the 
patent holder. Local content will be utilized for the final 
fabrication and integration of the tanks within the GBS. 

USCG 12 

Y 

Membrane tanks can not be externally inspected. The ability to 
externally inspect would generally be seen as a requirement / 
expectation by the regulator to not require routine internal inspections. 
 
This may result in inspection and testing requirements that drive the 
design towards additional tanks and costs, in order to cater for routine 
internal inspections of the containment system. 

G

More readily availability of external inspection, which may 
negate the expectation for internal inspection by the regulator. 
 
Further there is an established track record in the provision of 
similar tanks in onshore applications. 
 
Inspection from above 

G

More readily availability of external inspection, which may 
negate the expectation for internal inspection by the regulator. 
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Communities 13 

G 

Construction jobs would be located at the graving yard site for the 
liner activities. 

G

Jobs would be provided / continued at the manufacturing site for 
tank components; and at the graving yard site for the installation 
and construction activities. G

Jobs would be provided / continued at the fabrication site where 
the prismatic tanks are built. 

Environmental 

Footprint 14 

G 

The membrane system determines the footprint for the facility, as the 
containment system is mounted directly onto the concrete walls, 
which results in efficient use of space. However, given the need to 
use the GBS as a breakwater and the required float-out draft, the 
container type selection does not have a significant impact on the foot 
print. 
 
Further, the membrane option is lighter and requires less temporary 
buoyancy during float out. 

G

No differences, foot print primarily driven by in service berthing 
and transportation draft requirements. 

G

No differences, foot print primarily driven by in service berthing 
and transportation draft requirements. 

Air Emissions 15 

G 

Air emissions during operation will not be effected by the liner / 
containment system selection. All BOG will be recovered, 
recondensed, vaporized and exported. G

Air emissions during operation will not be effected by the liner / 
containment system selection. All BOG will be recovered, 
recondensed, vaporized and exported. G

Air emissions during operation will not be effected by the liner / 
containment system selection. All BOG will be recovered, 
recondensed, vaporized and exported. 
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Water Emissions 16 

G 

Water emissions during operation will not be effected by the liner / 
containment system selection. 

G

Water emissions during operation will not be effected by the liner 
/ containment system selection. 

G

Water emissions during operation will not be effected by the 
liner / containment system selection. 
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 Given the potentially significant commercial implications of the decision, final 
selection of the containment option has not been made pending more detailed engineering and 
assessment.  The prismatic membrane system has been used as the base case for the 
engineering work completed to date and is represented throughout the permit application and 
the remainder of this Environmental Review. 
 
 Containment system selection is not significant with respect to the environment or to 
the environmental consequences of this project for the following reasons: 
 

1. The facility footprint will not be affected by the containment system selected; 
2. Air and water emissions will not be affected by the containment system selected; 

and 
3. The containment system has no effect on any of the normal terminal support 

activities such as helicopter traffic or supply boat visits.  
 
 Because there is no significant difference between these alternatives in terms of 
environmental impacts (advantages or disadvantages), these alternatives, while presented here, 
have not been carried forward in this Environmental Review. 
 
2.5 SEAWATER INTAKE AND DISCHARGE DESIGN ALTERNATIVES 
 
 Environmentally, there are two competing functions with respect to the warming 
water used for the ORVs: 
 

1. Low water flow rates will result in a greater temperature change in the warming 
water.  This results in colder water being released into the environment; or 
 

2. High water flow rates will result in a lesser temperature change in the warming 
water.  This results in an increased potential for marine life impingement and 
entrainment, and more water being treated and discharged into the environment. 

 
 A range of warming water flow rates and operating conditions was evaluated in order 
to develop a solution that had the overall least impact on the environment. 
 
 Optimizing the seawater intake system for ORV revaporization involved determining 
the most advantageous combination of the following variables: 
 

• Volume, velocity, and rate of seawater intake; 
• ∆T, or reduction of discharge water temperature below ambient seawater; 
• Discharge rate and discharge pipe configuration; and 
• Optimum spacing between intake and discharge to prevent entrainment or 

recirculation of cool water into the intake. 
 
 All these variables were balanced against potential environmental impacts.  For 
example, the smaller the ∆T of the seawater at the discharge point, the closer it will be to the 
ambient water temperature and the lower the potential environmental impact from the cool water 
plume.  Unfortunately, achieving a smaller ∆T requires passing a greater volume of water 
across the ORV, thus increasing the potential impact due to the entrainment of larval fish and 
plankton in the seawater uptake.  A larger ∆T means a smaller volume of water is taken in, 
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reducing potential entrainment, but producing a more dense cool water plume at the discharge 
point.  In order to evaluate the potential environmental impacts of such a cool water plume, it is 
necessary to know how this plume will behave in the physical oceanographic conditions present 
at the proposed project site.  One of the critical questions addressed by the modeling effort was 
how will this cool water plume, at a variety of discharge velocities and temperatures, behave 
under the water column stratification and current conditions expected in the GOM offshore 
environment. 
 
 Engineering investigations completed by the design team indicated that warming 
water approach temperatures could be up to approximately 10ºC ∆T without adversely 
impacting operability of the installation.  During the winter season, the mean sea water 
temperature can reach temperatures as low as 10ºC to 15ºC; reducing this water temperature 
by more than 10ºC during these conditions will result in the potential for formation of ice within 
the process system and other operational upsets.  Plume dispersion modeling (Appendix A-4) 
indicates that by using 10ºC ∆T, the World Bank Standard of no greater than 3ºC ∆T from 
ambient at 100 m from the discharge point can be met under the proposed configuration.  Both 
of these boundary conditions appear to be limiting the warming water temperature difference to 
10ºC ∆T.  In addition, given the desire to minimize the potential for marine life impingement and 
entrainment, this temperature difference is considered to represent the option of least 
environmental harm. 
 
 Figure 2.4 shows the basic positioning for the seawater intake and discharge system 
points associated with the proposed terminal.  Figure 2.5 illustrates the unstable flow pattern of 
a cool water discharge.  Basically, in waters as shallow as those seen in either of the two 
alternative block locations, the discharge velocity is expected to project the plume all the way to 
the surface.  This cool, dense water would then spread out rapidly and mix with the warmer, 
less dense surface water as it settles back toward the seafloor.  Environmentally, the most 
desirable discharge configuration is one that maximizes the rate of mixing, thus returning the 
cool water to ambient temperature as rapidly as possible.  Because the phyto- and zooplankton 
organisms (including fish eggs and larvae) most likely to be affected by a drop in water 
temperature tend to be concentrated in the upper layers of the water column (see 
Sections 3.2.1.2, Ichthyoplankton, and 3.2.6, Pelagic Communities), it also is desirable to 
have the cool water sink back toward the bottom as rapidly as possible to minimize potential 
impacts in these communities. 
 
 Table 2.3 list the various combinations of intake volumes and discharge rates, and 
water temperature reductions, modeled in developing the intake and discharge design 
configuration presented in the Preferred Alternative.  Appendix A provides details on the 
modeling efforts.  This table also summarizes the environmental implications in terms of water 
column temperature reductions, and area of seafloor affected under differing scenarios.  
Potential fish larval entrainment under each scenario was estimated based on the work of Shaw 
et al. (2002). 
 
 All modeling was conducted using the EPA CORMIX model for far-field effects.  
Plume behavior in the near-field, or within 50 m (164 ft) of the discharge point, was modeled 
using the Offshore Operators Committee (OOC) model.  The OOC model was specifically 
constructed to simulate unsteady, three-dimensional behavior in effluent plumes discharged into 
a marine environment.  The OOC model was used in these studies to visualize what happens in 
the cool water plume at immediately around the discharge point and in the surface layers of the 
water column.  All discharge water temperatures and rates were modeled at the 10-, 50-, and  
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Figure 2.4.  Facility footprint sketch.
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Figure 2.5.  Unstable flow pattern in a cool water plume.
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Table 2.3.  Intake volumes, potential fish larvae entrainment, plume characteristics, and area of seafloor showing a temperature 
reduction of 10C under each of the seawater uptake and discharge designs modeled.  Appendix A provides details on 
the modeling efforts.  The configuration (# 5) selected for the Preferred Alternative is highlighted in bold.  

 

Design 
Configuration # 

and Date 
Modeled 

Seawater 
Intake Volume 
(million gal./d) 

Potential for 
Fish Larvae 
Entrainment 
(million/d) 

T at 
Discharge 

(C
0
) 

Velocity at 
Discharge 

(m
3
/s) 

Discharge 
Configuration 

T at 100 m 
from Discharge 

(C
0
) 

1
Potential Area 
of Seafloor 

Experencing a 
T of 1

0
C 

(Acres) 

# 1 (11 Jan 03) 380 2.38 -10.0 16.66 
Six, 58-in. diameter 

pipes 
at 7.5-m intervals 

-1.0 543 

# 2 (21 Jan 03) 380 2.38 -5.50 16.66 
Six, 58-in. diameter 

pipes at 7.5-m intervals 
-2.6 111 

# 3 (28 Feb 03) 179 1.12 -11.1 4.60 
Five, 58-in. diameter 

pipes 
at 7.5-m intervals 

-6.4 56 

# 4 (28 Feb 03) 179 1.12 -11.1 17.10 
Five, 30-in. diameter 

pipes 
at 7.5-m intervals 

-2.0 35 

# 5 (24 July 03) 127 0.80 -10.0 5.56 
Three pipes 

functioning as a 
single port diffused 

-1.1 5.71 

# 6 (24 July 03) 127 0.80 -10.0 5.56 
Twenty-five ports at 
4-m intervals over a 

96-m diffuser 
-0.6 6.65 

# 7 (29 July 03) 197 1.23 -10.0 8.61 
Three pipes functioning 
as a single port diffuser 

-4.0 8.13 

# 8 (29 July 03) 197 1.23 -10.0 8.61 
Twenty-five ports at 
4-m intervals over a 

96-m diffuser 
-0.6 6.33 

1
 Based on “worst case” current and water column stratification conditions. 
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90-percentile current speeds and under conditions of no stratification and maximum stratification 
within the water column.  The data presented in Table 2.3 are based on “worst case” 
assumptions regarding current speed and water column stratification.  The Gulf Landing LLC 
Design Team has based all their engineering and environmental assessment assumptions on 
worst case scenarios throughout the system selection process. 
 
 The only critical design constraint placed upon the seawater discharge system 
mandated by Gulf Landing LLC was that the discharge plume be diluted to a point where the ∆T 
was no more than 30C (5.40F) below ambient seawater temperature within 100 m (328 ft) of the 
discharge point.  As can be seen in Table 2.3, most of the configurations modeled meet this 
criterion.  Intake water velocities are mandated by the EPA to be no greater than 15 cm (0.5 ft) 
per second to prevent impingement of larger fish and marine organisms on the screens at the 
intake port.  This factor was held constant throughout all modeling scenarios.  Complete reports 
on all these modeling efforts are presented in Appendix A. 
 
 Design Configuration # 2 (Table 2.3) using a discharge water temperature only 
-5.50C (-100F) below ambient showed some surprising behavioral characteristics.  During some 
periods of maximum water column stratification, this cool water discharge actually became 
entrained in the surface water layers (Figure 2.6).  The less dense cool water discharge at 
-5.50C (-100F) tended to saturate the entire water column, and while temperature reductions 
were not as high at any given spot, they tended to be spread over a larger area than colder 
water discharges, which sank more rapidly to the bottom. 
 
 Several diffuser combinations were tested against various discharge rates 
(Table 2.3).  Diffusers spread the cool water out over a larger area but reduced the rate of 
discharge and hence slowed the mixing process.  Using the information returned from all these 
modeling studies, it was concluded that a faster, cooler discharge actually promoted more rapid 
mixing of the cool water plume and transferred the cool water more rapidly to the lower layers of 
the water column.  Using this data, the Design Team selected Configuration #5 for the Preferred 
Alternative. 
 
 The environmental assessment of the benthic and water column communities 
potentially affected by the cool water plume indicated impacts in these communities due to the 
cool water plume would be insignificant at the population level (see Section 4.0, 
Environmental Consequences).  There is, however, the potential for significant entrainment 
and impingement impacts from the uptake of 480,000 m3 (126,816,000 gal.) of seawater per 
day. 
 
 To minimize potential impacts, the Design Team designed the warming water intake 
system to avoid the entrainment of fish eggs and larvae as much as reasonably practical.  A 
diagram of this system is shown in Figure 2.4.  There will be two intake cages, each located in 
a surface piercing structure.  The dimensions of each intake cage are 24.3 m long by 12.2 m 
wide.  There will be eight intake ports for each intake cage.  These intake ports will be located 
5.7 m above the seafloor, high enough above the seafloor to prevent entrainment of cooler 
water from the discharge and deep enough to be well away from the surface layers where 
phytoplankton and zooplankton are concentrated.  Each intake port will be covered with a 
0.64-cm (0.25-in.) mesh screen to prevent larger fish and invertebrates from entering the 
warming water intake. 
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Figure 2.6.  Layers of -5.5ºC (-10ºF) water forming at the surface under conditions of maximum water column stratification.
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 There is some potential for the entrainment of marine organisms in the cool water 
discharge plume.  This effect is considered to be minimal in terms of large, mobile marine 
species.  They will simply swim away from the more turbulent portions of the plume.  Some 
elements of the plankton such as the eggs and larvae may be adversely affected by both the 
turbulence of the plume and the residual biocide within the mixing zone.  Although no 
quantitative data exist in this area, mortality for such an entrainment of marine organisms in the 
cool water discharge plume is expected to be low.  While these potential impacts to plankton are 
adverse they are not expected to be significant in terms of regional populations or plankton 
species distribution patterns.   
 
 Gulf Landing LLC has proposed a monitoring plan to assess the effectiveness of 
these preventative measures (Appendix B).  This proposed intake system can be adjusted 
based on the results of that monitoring effort, or in the event that advances in exclusion 
technology occur over the life of the project. 
 
2.6 MARINE LIFE EXCLUSION SYSTEM ALTERNATIVES 
 
 In order to minimize the potential for impingement and entrainment of marine 
organisms in the warming water uptake, Gulf Landing LLC investigated engineering options to 
minimize the impact on marine organisms.  The primary approaches to minimizing the impact on 
the marine environment have been to: 
 

• minimize the volume of water used circulated through the ORVs by the selection 
of a high delta T (10ºC); 

• locate the seawater intake as low in the water column as reasonably practical to 
reduce entrainment of surface level planktonic marine life, without entraining 
bottom sediments; 

• select a horizontal water intake orientation to minimize coning effects of marine 
life from the sea surface; 

• select a water intake velocity to minimize the potential for impingement of larger 
marine organisms (adult and juvenile fish, sea turtles, etc.); and 

• select a marine life exclusion inlet devices to minimize entrainment. 
 
 This section addresses the alternatives considered for the marine life exclusion 
device selected. 
 
 Three types of marine life exclusion systems were identified for potential use at the 
Gulf Landing LNG regasification terminal.  These systems were 
 

• an aquatic filter barrier (AFB) system (Gunderboom type system); 
• wedgewire screen barriers (0.5-mm [0.019-in.] mesh size); and  
• wedgewire screen barriers (6.35-mm [0.25-in.] mesh size). 

 
2.6.1 AFB System 
 
 This system is effectively a large net located around the intake structure.  It would 
consist of two sheets of a fine polyethylene/polypropylene mesh fabric.  Each fabric layer is 
about 3.18 mm (1/8 in.) thick.  The fabric is porous with very fine openings through the fabric 
threads.  A 3.18-mm (1/8-in.) twine netting having openings about 1 in. square is fixed between 
the two layers of fabric and supports the inlet fabric side against drag of the water flow.  The 
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outlet fabric side has vent pockets through which filtered water passes into the clear water 
basin. 
 
 Based on an intake velocity of 0.15 m/s (0.5 ft/s) at the screen face, a flow of 
32,000 m3/h (112,992 ft3/h) requires a filtration surface of 3,502 m2 (37,700 ft2).  The most 
practical method of installing this amount of fabric in an offshore environment is panel mounting 
the fabric.  Panels would be mounted in channels around the perimeter of a jacket structure.  
The panels would rise above water level and be seated in a frame near the base of the jacket, 
forming an intake basin within the jacket. 
 
 As proposed for the Gulf Landing project, such an AFB system would consist of four 
independent platform structures (two around each intake).  Each net (jacket) would have a total 
of 24 ─ 6.6 m (20 ft) wide by 19.7 m (60 ft) high panels.  These panels would extend above 
mean sea level to account for wave and tide action and would extend downward to 3 m (10 ft) 
above the seafloor, where they would fit into specially designed receiving channels.  The bottom 
3 m (10 ft) of the jacket structures would be enclosed using plate. 
 
 Setting large AFB fabric panels in the GOM environment would be a challenge.  No 
data are available on the reliability of the panel wedging system.  Potential frequency of fabric 
fouling by debris is unknown.  In addition, AFB fabric would not be expected to survive a 
hurricane or severe winter storm. 
 
 AFB systems are similar in concept to fish net barriers that have been used 
effectively where seasonal spawning or migration require diversion of these organisms during 
specific times of the year.  The size of the screen mesh needed is a function of the species 
present at the site and ranges between 4 and 32 mm (0.16 and 1.26 in.) (Electric Power 
Research Institute [EPRI], 1999).  These type of net barriers provide a high degree of 
impingement reduction, but because their openings are typically rather large, there is little 
benefit in terms of reduced entrainment of eggs and larvae.  If the mesh size is reduced to a 
size that excludes fish eggs and larvae, biofouling and debris clogging become significant 
concerns leading to substantial maintenance and cleaning expense (EPA, 2001). 
 
 It should be noted that this type of system with the small mesh size (0.5 mm 
[0.019 in.]) has not been previously installed and operated in the offshore marine environment.  
The complications associated with designing, installing, and operating prototype equipment will 
probably result in poor overall performance of the system due to downtime and failures of the 
system. 
 
 Marine biofouling of fabric over time is also potentially a major issue.  There are 
reports from lab tests in fresh water that suggest fabric may foul in the marine environment 
within a month.  The manufacturer claims that wave action, together with an internal “air burst” 
backwash, cause fouling not to adhere to the fabric.  Conversations with the manufacturer 
indicate that hauling fabric to the surface for water blast cleaning of fouling every 6 months 
might be assumed.  If this technology were employed, actual field operating experience would 
establish the frequency of cleaning.  Complete replacement of an AFB system based on storm 
damage and damage from floating objects is estimated to be required every 2 years. 
 
 The total estimated cost for design and installation of an AFB system at Gulf Landing 
is estimated to be approximately $70 million (includes the exclusion system and associated 
ancillary equipment).  This cost estimate excludes maintenance and regular storm damage, and 
fouling damage replacement costs.  Because the life expectancy of such a system in the 
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offshore waters of the GOM can not be estimated, the potential cost of this system over the life 
of the project is thought to be very significant.  
 
 In summary, this approach was rejected as: 
 

• It is considered to be unproven technology in the offshore marine environment as 
it is untried and untested at present. 

• The costs associated with initial installation and ongoing operations are 
considered to be disproportionate to the potential benefits. 

 
2.6.2 Wedgewire Screen Barriers (0.5-mm [0.019-in.] mesh size) 
 
 Wedgewire screens are cylindrical filters made by winding wire around cylindrical 
support rods forming a series of gaps between the wires.  Flow is from the outside to inside.  A 
flow distribution device inside the screen is provided to keep even flow over the entire screen 
surface.  Marine life exclusion is suggested to be a function of screen gap, gap velocity, and 
current velocity past the screens.  The screens can be furnished in a “T” design with horizontal 
screen cylinders feeding a central “T” with a down-facing branch outlet.  An alternate is a drum 
screen in which the screen cylinder is vertical and flow is down into a lower connection pipe. 
 
 Wedgewire screens are designed to reduce entrainment by both physical exclusion 
(blocking) and by exploiting hydrodynamics.  Physically, marine organisms are excluded when 
the mesh size is smaller than the organism in question.  Hydrodynamic exclusion results from 
the maintenance of a low through-slot velocity, which because of the circular configuration, is 
rapidly dissipated, allowing organisms to escape or be pushed away from the flow field.  In-situ 
observations have shown that impingement is virtually eliminated when wedgewire screens are 
used (Weisberg et al., 1984).   
 
 Screens will become fouled and be plugged with floating material in the marine 
environment.  Screens also are prone to damage by large floating objects and storms.  Drum 
screens set on an intake manifold located below a jacket structure were evaluated, since this 
design would facilitate removal and reinstallation of screens for inspection, cleaning, or damage 
repair.  A screen size of 183-cm (72-in.) diameter with 218-cm (86-in.) screen length was 
evaluated.  This size was assumed to be a reasonable compromise between a constellation of 
small screens and the largest size screens that would be more affected by sea conditions during 
removal and reinstallation.  
 
 Since there is a maximum screen length and a fixed wire size between each gap, a 
reduced screen gap results in reduced flow area.  This means more screens are required with a 
0.5-mm (0.019-in.) screen gap than with a larger gap to maintain the 0.15-m/s (0.5-ft/s) flow 
velocity.  Twenty-two screens are required for a 32,000-m3/h (112,992-ft/h) flow with a 0.5-mm 
(0.019-in.) screen size.  The actual system analyzed for Gulf Landing was based on using 
24 screens to allow 10% fouling before one intake line would have to be shut down for screen 
cleaning.  The 0.5-mm (0.019-in.) gap screens were assumed to be pulled to the surface every 
2 months for cleaning.  Actual required surface cleaning frequency would be determined by 
operating experience. 
 
 The 0.5-mm (0.019-in.) gap screens will prevent entrainment of all adult mobile 
species.  However, eggs and larvae may be impinged onto the screen, which will result in 
damage and significant mortality of the eggs and larvae.  It will therefore not have the desired 
effect of minimizing the impact on these species.  
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 Vertical wedgewire screens are mounted over a flanged docking post intake to an 
intake collection manifold.  The collection manifold(s) feeds the intake line.  The collection 
manifold accommodates eight drum screens.  The collection manifold and screens are housed 
in a jacket structure that affords some protection to the screens and facilitates setting and 
removing screens for inspection, repair, and cleaning.  
 
 The drum screens are lowered vertically through deck hatches using a running guide 
and crane.  Several levels of centering guides force the screen into location.  Once in position, 
the running guide is detached from the crane.  The running guide remains attached to the 
screen and can be used to provide downward thrust for sealing. 
 
 A structure housing one intake collection manifold and eight screens was assumed 
for both the 6.35-mm (0.25-in.) mesh screen size and the 0.5-mm (0.019-in.) mesh alternative.  
The 0.5-mm (0.019-in.) mesh screen size requires six structures housing a total of 48 screens.  
Each structure requires compressed air for in-place “hydro-burst” backwash of loosely adhering 
material plugging from the screen face.  Each structure also requires high pressure water blast 
for cleaning screens of barnacles and tightly adhering materials after retrieving the screens to 
the surface. 
 
 Complete replacement of wedgewire screens due to storm damage and damage 
from floating debris is estimated to be required every 3 years. 
 
2.6.3 Wedgewire Screen Barriers (6.35-mm [0.25-in.] mesh size) 
 
 Seven screens are required for the 32,000 m3/h (112,992 ft3/h) flow requirement 
using wedgewire screens with a 6.35-mm (0.25-in.) gap.  However, eight screens are assumed 
to allow 16% fouling before one intake line would have to be shut down for screen cleaning.  
The 6.35-mm (0.25-in.) screen alternative requires two structures housing a total of 16 screens.  
These 6.35-mm (0.25-in.) gap screens are estimated to require being pulled to the surface once 
per year for water blast cleaning.   
 
 The initial cost for a wedgewire screen system using a mesh size of 6.35 mm 
(0.25 in.) is estimated to be approximately 15 million dollars, and complete replacement of these 
screens due to damage from storms and floating debris is estimated to be necessary every 
6 years. 
 
2.6.4 Conclusions 
 
 Laboratory and field studies have shown that fine mesh wedgewire screens reduce 
entrainment and virtually eliminate impingement damage to fish and other marine organisms 
(Lifton, 1979; Delmarva Ecological Laboratory, 1980; Weisberg et al., 1984).  One study 
(Hanson, 1977) found that in fresh water situations, cylindrical wedgewire screens incorporating 
0.5-mm (0.019-in.) mesh size, eliminated entrainment of fish eggs in the 1.8 to 3.2 mm (0.07 to 
0.13 in.) size ranges.  Testing of 1.0 to 2.0 mm (0.04 to 0.08 in.) wedgewire screens in the 
St. Johns River, Florida showed that mesh sizes of this diameter reduced entrainment by 
99% and 62%, respectively over conventional power plant screens with mesh sizes of 9.5 mm 
(3/8 in.) (EPRI, 1999). 
 
 Due to the overall cost of all of these systems, and the fact that no GOM 
performance data are available to compare the cost of any of these marine life exclusion 
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systems with the benefit in terms of potential impact reduction, Gulf Landing LLC has proposed 
to develop the exclusion system based on the use of cylindrical wedgewire with a gap size of 
6.35 mm (0.25 in.) and evaluate the results through the monitoring program described in 
Appendix B of this Environmental Review.  This mesh size, in conjunction with locating the 
intake cage at the bottom of the water column, is felt to be a reasonable compromise between 
the 9.5-mm (3/8-in.) mesh size commonly in use today for power plant intakes, and the 0.5-mm 
(0.019-in.) mesh size, which, while potentially more effective at screening out fish eggs, has a 
considerably greater biofouling potential and an unknown benefit in the outer continental shelf 
waters of the GOM.  Gulf Landing LLC has proposed a monitoring program to assess the real 
impact of entrainment of fish eggs and larvae in the West Cameron Block 213 area 
(Appendix B), and the intake structures themselves are designed in such a way that finer mesh 
size screens could be added later if this monitoring program shows they are warranted. 
 
2.7 FABRICATION YARD ALTERNATIVES 
 
 The Gulf Landing GBS will be formed from two caissons of pre-stressed, reinforced 
concrete.  A purpose built "graving dock" for the construction of the proposed GBS caissons will 
have to be created. 
 
 A graving dock survey was performed by an independent consultant evaluating 
potential sites in the GOM and Caribbean regions.  Results of the survey indicate that there are 
a number of suitable potential sites capable of supporting the creation of a graving dock and the 
construction of the GBS caissons.  All the sites identified are located within existing Port 
Authority boundaries and have direct access to a shipping channel.  Some sites are located 
within the boundaries of existing operating facilities, and others will essentially be “greenfield” 
developments, starting with an undeveloped plot of land. 
 
 The graving dock (or casting basin) will consist of an excavated basin with sloped 
sides and will be separated from the shipping (exit) channel by an entrance berm.  One 
alternative to this approach is to use sheet piles to reinforce the sides of the basin and therefore 
reduce the overall size of the dock.  The basin will be constructed using a combination of soil 
dewatering and excavation.  The dewatering systems will remain operational during the 
construction of the GBS.  Once the construction scope is complete, the casting basin will be 
flooded by removing the entrance berm by a combination of excavation and dredging.  Any 
additional dredging required to reach the shipping channel would then be performed. 
 
 It is estimated that approximately 1,376,000 m3 (1,800,000 yd3) of soils/sediment will 
have to be moved by excavation or dredging during the course of the construction activities.  
Approximately 344,000 m3 (450,000 yd 3) of this total will be dredged material, which will be 
placed in an approved dredged material disposal site.  Excavated materials will be placed within 
the boundaries of the site to support any future reclamation efforts. 
 
 The final decision on where to build the Gulf Landing GBS has not yet been made.  
The final site selection will be based on numerous factors, with environmental considerations 
and permitting requirements being significant decision criteria.  Table 2.4 lists the factors to be 
used in evaluating each potential fabrication yard site.  Table 2.5 shows a matrix evaluation of 
the physical characteristics, permitting issues, and environmental factors associated with the 
sites currently under consideration.  Two of the undeveloped sites are in EPA non-attainment 
areas, appropriate measures will be incorporated into the use of these facilities if selected for 
further consideration. 



G
ulf Landing LLC

D
eepw

ater P
ort License A

pplication

2-33
E

nvironm
ental R

eview
O

ctober 2003

Table 2.4.  Evaluation criteria for potential fabrication yards. 
 

Terrestrial Location and 
Setting 

Marine Setting Site Characteristics 
Environmental 
Characteristics 

Construction Issues 

• Physical 
location; 

• Municipality; 

• Area available; 

• Water frontage; 

• Existing land 
use; 

• Neighboring land 
use; 

• Ownership and 
availability; 

• Transportation 
links; 

• Access by road 
and rail; 

• Existing utilities;  

• Distance to Gulf 
of Mexico; 

• Political stability; 

• Lease 
terms/durations; 
and 

• Estimated 
development 
costs. 

 

• Ship channel 
width and depth; 

• Tidal range;  

• Exposure to wind 
and waves; and  

• Length of tow to 
deepwater. 

 

 

• Topography; 

• Bathymetry; 

• Soils; and 

• Hydrology. 

 

• Flora and fauna; 

• Background 
noise levels; 

• Visual impact; 
and 

• Air and water 
pollution. 

 

 

• Disposal of 
excavated 
material; 

• Source of 
construction 
materials; 

• Source of 
construction 
labor; 

• Labor camp 
requirements; 

• Availability of 
local suppliers 
and 
subcontractors;  

• Restoration and 
aftercare of site; 
and 

• Import duties. 
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Table 2.5.  Gulf of Mexico liquefied natural gas terminal construction site study – ratings of "undeveloped" sites. 

Factor Site 1 Site 2 Sites 3a & 3b Site 4 Site 5 Site 6 Site 7 Site 8 Site 9 

1 Physical characteristics                            
1.1 Size of site                            
1.2 Current use /       /                      
1.3 Underlying soils       /                      

1.4 Exit Channel 

-- draft 12 m 13 m 14 m 12 m 13 m 14 m 12 m 13 m 14 m 12 m 13 m 14 m 12 m 13 m 14 m 12 m 13 m 14 m 12 m 13 m 14 m 12 m 13 m 14 m 12 m 13 m 14 m 

 -- cost of dredging to this draft         X                   
1.5 Tidal height                            
1.6 Inshore mooring                            
1.7 Quayside mooring                            
1.8 Tow distance                            

2 Permit issues                            
2.1 Ownership of site                            
2.2 Willingness to lease site                            
2.3 Change of use required?                            

3 Environmental factors                            
3.1 Condition of site                            
3.2 Disposal of materials from 

casting basin 
                           

3.3 Disposal of material in sea 
bund 

         /                   

3.4 Disposal of dredgings from 
exit channel 

                           

3.5 Distance to nearest dwellings                            
3.6 Level of ambient night-time 

noise 
                           

3.7 Other environmental 
considerations 

                           

 

Key to Rating 
 

  1.1  Size of site 1.2  Current use 1.3  Underlaying soils 1.4 Exit channel (12m 13m 14m) 1.5  Tidal height 1.6  Inshore mooring 1.7  Quayside mooring 1.8  Tow distance 

 Too small to be feasible Definite competing use Rock Dredging > $10 million - None available/exposed - > 28 days  

 < 30 ha but workable Potential competing use Weaker than average soils Dredging $5 to $10 million - None available Not available  15 days to 28 days 

 30 ha  Land not used  Normal allevial/marine soils Dredging $2.5 to $5 million Can be ignored at this stage Available but no deeper than basin Available but draft < basin 8 days to 14 days 

 30 ha and more available  Land not used and brownfield Stronger than average coastal soil Dredging  < $2.5 million -   Available 12 m to 25 m Available same draft as basin 4 days to 7 days 

 -   Existing casting basin Engineered fill  No dredging required  -   Available > 25 m Available deeper than basin < 3 days 
 
  2.1 Ownership of site 2.2  Willingness to lease site 2.3  Change of use required? 

  - Unwilling to lease site Likely to be very difficult 

  Potential competing interest  Not yet determined Will take time 

  Owner able to sell/lease land Willing to discuss lease of site Yes, zoned for industrial use 

  Land for sale/lease now Keen to lease site Probably no change of use 

  - Very supportive and keen No change of use 
 
  3.1  Condition of site 3.2  Materials casting basin 3.3  Materials sea bund 3.4  Disposal of dredgings 3.5  Distance to dwellings 3.6  Ambient night-time noise 3.7  Other env. factors 

  Protected area e.g., wetland Nowhere identified Offshore disposal area Offshore disposal area Adjacent to site/likely problem Very high - 24 hour operations May stop the use of site 

  Adjacent to protected area Distant site Barge to onshore disposal site Barge to onshore disposal area Adjacent to site/probably OK Medium - traffic  Potentially serious issue 

  Natural setting, some flora Some onsite, some offsite Pipe to onshore disposal site Pipe to onshore disposal area < 1 km  Unlikely to cause disturbance Issue can be mitigated 

  Formed site/scrub Onsite  Pipe onsite  Pipe onsite  > 1 km  May cause disturbance  Positive aspect of site 

  Formed site/no flora Onsite/large area available Large site area/coffer dam exit Large site area  -   Likely to cause disturbance Very positive aspect of site 

 
Notes: 
1 All identified sites (both developed and undeveloped) are located within existing Port Authority boundaries located in the United States and Mexico Gulf of Mexico Region, and the Caribbean. 
2 In addition to the above listed "undeveloped" sites, there are 2 to 3 other sites identified that would be part of developed fabrication/construction facilities already in operation.  These "developed" sites are all located in the United States and 

are located within existing Port Authority boundaries. 
3 The above matrix forms the basis to reduce the number of suitable sites to 4 to 6 viable candidates, which will be evaluated further prior to making a final selection. 
4 Two sites are located within an U.S. Environmental Protection Agency non-attainment area. 
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 While the final decision on where to build the Gulf Landing GBS has not yet been 
made, several of the evaluated sites contain enough area for the GBS casting basin to be 
constructed within the boundaries of existing facilities.   
 
 For the purpose of this environmental analysis, two potential graving dock scenarios 
have been evaluated.  These are as follows: 
 

1. A construction site in which the casting basin can be constructed entirely within 
the boundaries of existing operating facilities, and no dredging is required for 
channel enlargement in order to transport the caissons to sea; 

 
2. A construction site in which the casting basin can be constructed entirely within 

the boundaries of existing operating facilities, but dredging will be required for 
channel enlargement in order to transport the caissons to sea. 

 
These potential construction site scenarios have been discussed in Section 4.0, 
Environmental Consequences. 
 
2.7.1 Shore Support Base Alternatives 
 
 Four or five tugs will be required for Gulf Landing.  It is expected that these tugs will 
either be procured from the existing marketplace or as new vessels built for the terminal.  
Typically three tugs will be used for LNGC berthing and unberthing operations.  The fourth tug 
will be a standby unit for use whenever required. 
 
 These tugs are expected to be based in the Cameron, Louisiana area, which is 
64 km (40 mi) from the facility.  Three or four tugs will steam out from Cameron when notified of 
pending arrival of a LNGC to reach the facility approximately 1 hour before an LNGC arrives.  
Three tugs will actively assist the incoming vessel in berthing, while the fourth would act as a 
standby vessel if required during the prevailing weather conditions. 
 
 Although a final selection on docking facilities has not yet been made, there are a 
number of commercial docking facilities capable of handling these vessels.  A representative list 
of such docking facilities includes the following: 
 
 Energy Logistics, Inc. 
 236 Davis Road 
 Cameron, Louisiana  70663 
 
 A&B Docks 
 501 Gulf Beach Highway 
 Cameron, Louisiana  70663 
 
 Dehyco 
 516 Davis Road 
 Cameron, Louisiana  70663 
 
 Tesoro East 
 183 Gulf Beach Highway 
 Cameron, Louisiana  70663 
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 Tesoro West 
 137 Wakefield Road 
 Cameron, Louisiana  70663 
 
 Asco 
 332 Davis Road 
 Cameron, Louisiana  70663 
 
 In addition, there are numerous mud docks in Cameron (Bariod, Baker, Hughes, 
Ambar, etc.) that may be used to load and unload supplies for the Gulf Landing offshore 
facilities.  It is anticipated that Gulf Landing will not have dedicated supply vessels but will 
receive its supplies during normal offshore platform supply runs by local supply contractors or 
from the attendant tug boats visiting the terminal.  Typically supply vessels carry supplies to 
several offshore platforms during a single offshore trip. 
 
 All these potential shore support base locations are so close together that the 
environmental and socioeconomic impacts associated with them will be identical, no matter 
which facility is eventually contracted. 
 
 Helicopter flights to the Gulf Landing facilities will be serviced from locations typically 
servicing offshore platforms.  Shell currently contracts helicopters from Petroleum Helicopters, 
Inc. (PHI), which has several bases in the Cameron area that could be used to service Gulf 
Landing.  Shore base locations from which helicopter flights to Gulf Landing may originate 
include the following:  
 
 295 Beach Road 
 Cameron, Louisiana  70631 
 
 24836 Louisiana Highway 333 
 Abbeville, Louisiana  70510 
 
 302 Tower Drive 
 Lafayette, Louisiana  70508 
 
 10600 Gulfway Drive 
 Sabine, Texas  77655 
 
 Galveston Airport 
 2115 Terminal Drive #19 
 Galveston, Texas  77554 
 
 All these facilities are existing helicopter bases, and the potential for environmental 
impacts associated with helicopter flights to the Gulf Landing facilities from any of these 
locations are similar.  Potential impacts from this anticipated helicopter traffic are discussed in 
Section 4.0, Environmental Consequences. 
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2.8 ALTERNATIVE LOCATIONS CONSIDERED IN DEVELOPING THE PREFERRED 
ALTERNATIVE 

 
2.8.1 High-Level Screening 
 
 Scenarios for locating an LNG regasification terminal off the U.S. Atlantic and Gulf 
coasts were evaluated.  The advantage identified for potentially locating an LNG port on or near 
the U.S. Atlantic coast would be proximity to the major east coast markets for natural gas.  
However, a significant disadvantage is the lack of existing offshore infrastructure for providing 
both favorable project economics and flexibility for transmission of product to market.  In 
contrast, the GOM has substantial natural gas transport infrastructure and capacity already in 
place.  In addition, the Gulf coast has an industrial base geared to offshore oil and gas 
exploration and development, which will be of significant benefit in the construction and 
operation of an LNG regasification terminal in the northern GOM.  In addition, the opportunity to 
take advantage of existing infrastructure in the GOM may lessen the potential for encountering 
problematic environmental issues when compared to the Atlantic coast scenario, because the 
need for construction of new offshore and onshore pipelines, as well as associated operational 
facilities, would be less.  Based on the relative differences regarding gas transmission flexibility 
afforded by existing infrastructure, economics, and environmental considerations, the GOM was 
selected as the geographic focus for subsequent siting studies. 
 
2.8.2 Specific Siting Requirements 

 The location for the LNG terminal also must satisfy a number of site-specific 
considerations, many of which vary depending on the nature of the final site selected.  These 
are as follows: 
 

• Water Depth – Water depth is a critical factor in evaluating potential LNG 
terminal locations.  The water depth requirement was based on the premise that 
dredging would not be conducted for the purpose of bringing ships into the 
offshore terminal.  Thus, the minimum water depth for the offshore terminal is 
that required to accommodate the expected draft of the LNGCs calling at the 
terminal, plus a margin needed to allow the ship to move up and down with the 
tide and waves.  Ultimately, a minimum water depth of approximately 15 to 
16.8 m (49 to 55 ft) was selected as meeting the location requirement for a GBS 
terminal. 

 
• Adequate Soil Conditions/Geotechnical – The geotechnical properties of the 

seafloor alone may range from critically important in the case of bottom-founded 
systems, to nearly irrelevant in floating systems.  A concrete GBS will need to be 
sited in a location with satisfactory geological conditions and a stable sea bottom 
to support a large structure, avoiding archaeological sites and shallow hazards, 
while these needs are not as acute for mooring of floating systems. 

 
• Adequate Navigation Safety/Shipping Access – Due to the large size of LNGCs, 

the proximity of the LNG terminal to navigation fairways is an important siting 
criteria.  The typical modern LNGC of 138,000-m3 capacity is approximately 
300 m in length (975 ft), 43 m in width (143 ft), with a draft of approximately 12 m 
(39 ft).  If current trends continue, future LNGCs will be even larger.  To ensure a 
safe transit, the approach into and departure from the offshore LNG terminal 
must be free from surface and subsurface obstructions.  Safe navigational 
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access is a key requirement of the selected location.  The USCG has formally 
designated a number of shipping fairways and harbor approaches in the GOM.  
These fairways are described in the U.S. Code of Federal Regulations at 33 CFR 
166.200.  These regulations do not permit the placement of platforms or other 
obstructions that might interfere with shipping within the limits of the fairway.  As 
a result, LNGCs should have safe navigational access into LNG terminals 
located close to shipping fairways.  Offshore blocks that do not have convenient 
access to shipping fairways will be more troublesome as the final site selected for 
the proposed project. 

 
 In addition to unimpeded shipping access, the terminal location should also have 

a sufficiently large area free of surface and subsurface obstructions (including 
pipelines) to serve as a dedicated vessel anchorage.  Although the proposed 
operations do not involve routine anchoring of LNGCs, an adequate anchorage 
near the LNG terminal is an important safety feature.  Infrequently, LNGCs have 
mechanical, scheduling, or other problems that may require the ship to anchor for 
a short period.  If possible, the terminal location should be situated so that an 
appropriate anchorage can be designated nearby. 

 
• Adequate Safety and Security – The terminal location should be situated to 

minimize safety risks while simultaneously allowing adequate security.  Although 
it is helpful to site the terminal near an existing shipping fairway to promote 
convenient LNGC access, the selected location must also not be so close to the 
edge of the fairway that there is an increased risk of collision from passing ships.  
Also, the facility location should be in an area with a low density of nearby 
offshore structures both to enhance navigation safety (as discussed above) and 
minimize the risk to other OCS operators in the event of an inadvertent release of 
LNG.  The location on the OCS eliminates the need for the LNGCs to transit into 
and out of congested ports and waterways to discharge LNG cargo, thereby 
reducing the risk of collision or grounding in inshore waters.  The terminal 
location should also be suitable for placement of a safety/security zone extending 
outward from the terminal 500 m (1,641 ft) in all directions.  This size 
safety/security zone is consistent with the provisions of 33 CFR 147, which 
authorizes the USCG District Commander to establish safety zones 500 m 
(1,641 ft) in all directions surrounding OCS facilities.  Under provisions of the 
Deepwater Port Act, vessels will not be permitted to enter this safety/security 
zone without the expressed permission of the terminal operator or the USCG. 

 
• Availability of Offshore Blocks – The GOM is a mature oil and gas province with a 

very active oil and gas leasing program administered by the Department of the 
Interior.  Offshore blocks (usually 3 mi to a side) are leased for the exploration 
and extraction of minerals from the OCS.  There are currently over 8,000 active 
leases in the central and western GOM.  Due to the active offshore development 
program, availability of unleased offshore blocks (or blocks with minimal facilities 
and operations that may be affected) in the vicinity of any prospective project site 
is an important siting consideration.  Ideally, the project location would be a 
currently unleased OCS block with a low potential for economically recoverable 
mineral reserves. 
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• Use Existing Offshore Pipeline Infrastructure – The project location should 
minimize the need for building lengthy new export pipelines while making 
maximum use of nearby underutilized gas transmission pipelines.  The concept 
of connecting the LNG terminal to the existing offshore gas pipeline distribution 
network is one of the primary economic drivers for the project.  Construction of 
lengthy segments of new offshore or onshore pipelines would be expensive and 
could seriously impair the economic viability of the project.  The site should have 
access to one or more existing pipelines with sufficient available capacity to 
transport at least 1.2 BCF/d of natural gas.  It is also desirable to have access to 
other nearby pipelines owned by various entities and serving multiple markets.  
This provides market flexibility and ensures opportunities for onshore storage of 
the natural gas if needed during certain market conditions. 

 
• Minimize Conflicts with Other OCS Users – The project location should also 

minimize impacts on other users of the OCS.  Many diverse groups use the 
waters and sea bed of the OCS including but not limited to mineral exploration 
and production companies, commercial and recreational fishermen, commercial 
shipping, and recreational boaters.  To the extent possible, the terminal location 
should avoid areas that are vital to any of these groups.  Placing the terminal 
location near an existing shipping fairway may eliminate the need to have 
additional shipping fairways designated by the USCG, and subsequently prevent 
new restrictions from being placed on current leaseholders in the affected blocks.  
Attempting to locate the terminal on an unleased block with low potential for 
economically recoverable mineral reserves seeks to preserve blocks with higher 
potential for future exploitation.  To the extent possible, the terminal location 
should minimize the footprint of the terminal and associated ship access routes 
such that the smallest possible number of lease blocks is affected. 

 
• Avoid Environmentally Sensitive Areas – The location and associated pipelines 

should avoid environmentally sensitive areas.  The selected alternative should 
avoid biologically important zones such as hard bottom, pinnacles, coral reefs, 
and chemosynthetic communities.  The location should avoid any marine 
protected areas such as the Flower Garden Banks National Marine Sanctuary or 
similar protected areas.  Making maximum use of the existing offshore gas 
pipeline network also has the advantage of avoiding the environmental effects of 
installing new pipelines across coastal beaches, wetlands, and other potentially 
sensitive inshore environments. 

 
 Because it is a prerequisite that the regasified LNG be delivered into the existing 
natural gas transmission network, the starting point for the site selection study was to identify 
commercially viable takeoff points in the geographic target area.  It had been previously 
determined that the majority of the areas examined in the site selection study would be offshore, 
and a decision was made to use the standard offshore naming convention established by MMS 
for the offshore blocks.  In general, it was the intention to identify major pipelines (16 in. or 
greater) with suitable tie-ins within 20 mi of each candidate block.  Offshore blocks for the GBS 
were selected near the 15 to 20 m (49 to 66 ft) water depth contour. 
 
 The site selection process discussed here covers only sites considered for the GBS 
alternative selected for the Preferred Alternative.  Other locations were screened during the 
selection process when FSRU and platform based designs were still under consideration.  
However, since those systems were rejected for this project, only GBS sites are discussed here. 
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 Eight potential locations for siting of a GBS LNG terminal were identified 
(Figure 2.7).  A two-step process was used to determine, from this list, the most promising sites 
along the U.S. Gulf coast.  The first step was to reduce the potential locations to a short list of 
technically feasible locations, using only engineering, operational, and economic criteria.  The 
intention was to arrive at a short list of technically feasible locations with respect to vessel 
accessibility and geotechnical conditions for each site.  In the second step, additional and more 
detailed criteria were used to select a preferred location for the proposed project. 
 
2.8.3 Step 1 Evaluation 
 
 For the eight sites evaluated, shipping accessibility and soil conditions were 
considered using the following criteria and scoring that are reflected in Table 2.6. 
 
Table 2.6.  Initial sites in the Gulf of Mexico evaluated as potential locations for a gravity base 

structure liquefied natural gas terminal. 
 

OCS Block Name Shipping 
Access Comments Geotechnical 

Conditions Comments Result

Mobile 909 + Many shipping 
lanes nearby 0 Environmentally 

sensitive DEL 

West Delta 58 - Ruled out on 
shipping access N/A Lack of shipping 

access rules out block DEL 

West Delta 34 - Ruled out on 
shipping access N/A Lack of shipping 

access rules out block DEL 

Ship Shoal 183 - Ruled out on 
shipping access N/A Lack of shipping 

access rules out block DEL 

Eugene Island 162 - Ruled out on 
shipping access N/A Lack of shipping 

access rules out block DEL 

South Marsh Island 276 - Ruled out on 
shipping access N/A Lack of shipping 

access rules out block DEL 

West Cameron 183 0 Fair access to 
shipping channel 0 

Stiff clay conditions 
with approx. 1.5 ksf 
(i.e. 72 kPa) 

OK 

West Cameron 213 + Good access to 
pipelines + Reasonable/good 

sands OK 

DEL = initial identified site is not considered technically feasible and re-adjusting its position cannot change that 
classification; site should be deleted from the “potential site” list. 

OK = initial identified site is considered a technically feasible site. 
 
 The highest ranking for shipping accessibility was indicated by a “+,” signifying good 
shipping access areas adjacent to existing shipping fairways where no dredging would be 
required.  A medium ranking for shipping accessibility was indicated by a “0,” signifying 
reasonable access and possibly some channel dredging might be required.  The least desirable 
or lowest ranking for shipping accessibility, indicated by a “-,” signifies poor access from the 
subject block.  Such areas were either remote from shipping channels, had hazardous 
approaches, or required extensive dredging. 
 
 Geotechnical rankings, or appropriateness of soil conditions, were dependent on the 
design concept being considered for use at that particular location.  GBS concepts are sensitive 
to soil conditions, and potential locations were evaluated using the following criteria: 
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Figure 2.7. Locations of eight sites considered for a gravity base structure terminal location.
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• Sand conditions with good load bearing properties received a “+”; 
• Stiff clay conditions with moderate to good load received a “0”; and 
• Weak clay conditions with poor ground loading received a “-.” 

 
 Any “-” value was considered enough to remove the location from the developing 
short list.  For a location to be considered technically feasible and taken to the final selection 
stage as a potential candidate, it must be awarded, at a minimum, a “0” for each of the two 
criteria. 
 
 The “Result” column of Table 2.6 contains one of the following three symbols for 
each location reviewed.  “OK” indicates the identified site is considered a technically feasible 
site.  “DEL” indicates the identified site is not considered technically feasible and re-adjusting its 
position cannot change that classification; the site should be deleted from the “potential site” list. 
 
 Mobile Block 909 was eliminated due to its proximity to environmentally sensitive 
areas.  West Delta Block 58, West Delta Block 34, Ship Shoal Block 183, Eugene Island 
Block 162, and South Marsh Island Block 276 were all eliminated due to their poor access to 
shipping fairways.  The remaining two blocks, West Cameron 183 and 213, were both 
acceptable in terms of access to shipping fairways and geotechnical conditions. 
 
 In summary, the step 1 evaluation led to the elimination of 6 of 8 potential sites.  
Five potential sites had poor shipping access that would have restricted the access or 
navigation of LNGCs.  One site, Mobile Block 909, is close to a number of sensitive biological 
areas and was removed for environmental considerations.  The two remaining sites 
(West Cameron Block 183 and West Cameron Block 213) were carried forward to the detailed 
review for the terminal location.  
 
2.8.4 Step 2 Evaluation 
 
 The selection of the final sites for detailed evaluation was based on the technical 
feasibility of each site, as determined by a number of factors.  These considerations are 
summarized in Table 2.7 and included availability of the block, pipeline accessibility, 
environmental impacts/constraints, soil/sediment conditions, shipping access, and operational 
safety (e.g., hurricane operation).  Each site was judged and evaluated on these considerations. 
 
Table 2.7.  Final site ranking for a gravity base structure liquefied natural gas terminal. 
 

Location Soil 
Conditions 

Shipping 
Access 

Pipeline 
Access 

Operational 
Safety 

Environmental 
Impact Availability

West Cameron 183 0 0 + + 0 0 

West Cameron 213 + + + + 0 + 

 
 Table 2.7 provides ranking assessments for the technical criteria.  The evaluation of 
each location against the criteria has been summarized using weighting factors.  As before, the 
following symbols have been used in the table: A “+” indicates that specific criterion is 
considered a positive for the location, and a “0” indicates that specific criterion is considered 
neither positive nor negative for the location.  A “-” means that the specific criterion is 



Gulf Landing LLC  Deepwater Port License Application 

Environmental Review 2-43 October 2003 

considered negative for the location.  Any “-” was considered the dominant characteristic and 
was sufficient to eliminate that site from further consideration as a potential terminal location. 
 
 In summary, both sites (West Cameron 213 and West Cameron 183) are deemed 
feasible as potential locations for the terminal facility using the criteria listed above.  The final 
selection process took into account the detailed consideration of the positive and negative 
aspects of the potential locations (Table 2.8).   
 
 On the basis of this analysis, West Cameron 213 is the preferred location for a GBS 
terminal primarily due to its excellent access from an established fairway, good soils, water 
depth, anchorage, and the fact that it is slightly farther offshore than West Cameron 183.  West 
Cameron 213 is therefore included in the Preferred Alternative (Alternative A).  West 
Cameron 183, though not as favorable, is also an acceptable location and is designated as 
Alternative B.  Both sites are included in the detailed environmental impact analyses in 
Section 4.0, Environmental Consequences. 
 
Table 2.8.  Summary site ranking for a gravity base structure liquefied natural gas terminal. 
 

Location Positive Factors Negative or Neutral Factors 

West Cameron 183 Good operational safety 
Good pipeline access 

Poor temporary anchorage areas 
Relatively poor water depth for berthing 
at facility, especially if scour protection 
by stone rubble is required 
Block is leased; conflict with intended 
use by lease holder 
Fair access to shipping lanes, but with 
numerous platform structures in the path 
Acceptable soil conditions, but turning to 
more clay 
Acceptable environmental impact 
(slightly closer to shore) 

West Cameron 213 

Good soils 
Good water depth 
Good temporary anchorage options 
Good operational safety 
Excellent shipping lane access 
Good pipeline access 

Acceptable environmental impact 
(slightly farther offshore) 

 
2.8.5 Pipeline Routing Alternatives 

 Several alternative take-away pipeline routes from Block 213 were initially 
considered in developing the Preferred Alternative.  The characteristics and potential acres of 
bottom that would be disturbed during the construction of each of these alternative take-away 
pipelines are presented in Table 2.9. 
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Table 2.9.  Potential interconnector pipelines for a gravity base structure liquefied natural gas 
terminal in West Cameron Block 213. 

 

Pipeline Mileage of Pipe Required
(mi) 

Pipe Diameter 
(in.) 

Acreage of Disturbed Sediment
(acres) 

A 20.0 36 507 
B 13.0 24 303 
C 17.2 30 422 
D 1.7 16 41 
E 13.8 20 332 
F 56.6 36 1,372 
G 1.4 30 34 
H 5.3 30 129 

 
 Gulf Landing LLC has elected to include only the nearby five pipelines (A, B, C, D, 
and E) as take-away options for the natural gas revaporized at the LNG regasification terminal.  
Figure 2.8, in the confidential portion of the Deepwater Port Application, shows the take-away 
pipeline routes included in the Preferred Alternative.  These are the routes for which geohazard 
and archeological surveys have been conducted. 
 
2.9 ALTERNATIVE A – PREFERRED ALTERNATIVE 
 
 Alternative A (the Preferred Alternative) is the construction and operation of a GBS 
LNG storage and regasification terminal in West Cameron Block 213. 
 
2.9.1 Facility Description 
 
 The proposed terminal consists of two fixed concrete GBS caissons, and includes 
the following: 
 

• Integral internal LNG storage within each GBS caisson; 
• Scour protection; 
• LNGC mooring provisions; 
• LNG unloading arms; 
• LNG transfer and HP pumps; 
• LNG vaporizers; 
• Sales gas heaters; 
• Fiscal meters; 
• Utility systems; 
• Accommodations and helideck; 
• Escape and emergency systems; 
• Power generation plant;  
• Control room, workshop, and laydown areas; 
• Seawater intake and outfall structures;  
• Navigational aids; and  
• Pipeline risers. 
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Figure 2.8.  Potential take-away pipelines.
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 Figure 2.9 shows an artist’s rendering of the concept.  
 
2.9.1.1 Terminal Functions 
 
 The terminal provides several basic functions including carrier berthing, carrier 
unloading, LNG storage, LNG vaporization, gas metering and delivery, power generation and 
other utilities, and personnel quarters as described as follows. 
 
2.9.1.1.1 LNGC Berthing 
 
 The terminal will be capable of berthing standard worldwide trading LNGCs of either 
the membrane or spherical design.  The size range of LNGCs that the terminal can 
accommodate will be from 125,000 to 160,000 m3, and berthing will be accomplished with the 
aid of tugs.  The facility will be operated in a continuous mode and will be designed to 
accommodate the arrival, unloading, and departure of the LNGCs.  The facility is designed to 
offload approximately 135 LNGCs per year.   
 
2.9.1.1.2 LNGC Unloading 
 
 LNGCs will berth directly alongside the GBS structure in order to unload.  The GBS 
will be equipped with fenders and quick release hooks to facilitate mooring operations.  
Unloading will be side-by-side using unloading arms located on the GBS loading terminal.  
These are physically separated from the LNGC.  The design unloading rate of the terminal is up 
to 12,000 m3/h.  A small flow of LNG re-circulation will be required from downstream of the 
loading arms to the storage tank to keep the LNG system “cold,” (i.e., “ready for service” to 
avoid thermal shock between carrier unloading cycles).   
 
2.9.1.1.3 LNG Storage 
 
 The LNG will be stored in tanks located and supported inside the two concrete GBS 
caissons.  The net storage capacity of the tanks is 180,000 m3.   
 
2.9.1.1.4 LNG Vaporization 
 
 The deck of the concrete GBS will support the terminal processing and metering 
equipment.  The vaporization equipment includes the LNG low pressure in-tank pumps, HP 
pumps, vaporizers, seawater intake pumps, and sales gas heaters.  
 
 The LNG will arrive on the facilities from the LNGC and loading area where it will be 
pumped into the terminal storage tanks.  From here the LNG will be pumped to the process 
facilities using low pressure in-tank pumps.  HP pumps pump the LNG up to a pressure of up to 
1,470 psi (100 bar).  The pressurized LNG will be vaporized via ORVs to natural gas ready for 
distribution. 
 
2.9.1.1.5 Gas Export and Metering 
 
 The vaporized LNG will be metered and delivered into the offshore transportation 
grid using up to five lateral pipelines.  There will be five metering stations.  Each metering 
station will consist of one or more standard size nominal meter tubes to suit the lateral capacity.  
A spare meter tube and meter will be available on the terminal for replacement purposes.  The  
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Figure 2.9.  3-D facility.
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pipeline laterals will consist of various lengths of outer diameter pipe dependent on the design 
capacity, pressure drop considerations, and length of pipeline to the interconnection point. 
 
2.9.1.1.6 Main Power Generation  
 
 The terminal electrical power requirements of approximately 17 MW will be provided 
by two turbine generator sets.  There will be one spare generator set installed.  Fuel for the 
turbines will be provided from vaporized LNG via a fuel gas system.  Two of the turbines will be 
dual fuel, capable of burning diesel for terminal start-up. 
 
2.9.1.1.7 Seawater for Vaporization 
 
 Seawater will be used as the heating medium for the ORVs to vaporize the LNG in a 
once-through mode.  Seawater lift pumps will deliver the seawater to the vaporizers from the 
seawater intake structure.  The seawater intake structure will have suitably sized intake screens 
(0.25 in.), intake velocity (<0.15 m/s [<0.5 ft/s]), and intake location and orientation to minimize 
the potential for marine life entrainment and impingement. The seawater will be treated to 
minimize marine growth within the system and discharged at the outfall structure located 
southwest of the terminal.  Figure 2.4 shows the location of the intake and outfall structures 
relative to the GBS structure. 
 
2.9.1.1.8 Solid Waste and Debris 
 
 Solid waste and debris generated in all phases of the Gulf Landing project 
(construction, operations, and decommissioning) will be collected aboard the generating entity 
(tug, supply vessel, or the GBS terminal) and ultimately transported to shore for disposal in an 
approved disposal site.  No solid waste or debris will be intentionally released from any 
elements associated with Gulf Landing.  All contractors and suppliers will have waste 
management plans in place that include the ultimate repository for collected waste.  For these 
reasons, only the accidental release of trash and debris has been carried forward through the 
environmental analysis.  
 
2.9.1.1.9 Personnel Quarters 
 
 Personnel quarters will be located on the GBS structure with appropriate segregation 
and protection from hydrocarbon hazards associated with LNG offloading, storage, pumping, 
vaporization, and metering equipment.  The personnel quarters building will consist of individual 
deck levels for sleeping, galley and messing, recreation, control room and offices, equipment 
and communications control rooms, workshops and storage areas, helicopter reception, etc.  It 
will provide fully self-contained accommodations for operations personnel, including occasional 
short-term accommodations for offshore maintenance and gas pipeline staff.  A helicopter deck 
meeting the necessary regulatory requirements will be located above the quarters building. 
 
2.9.1.2 Facility Layout 
 
 The layout of the facility was driven by safety and operability.  The separation 
distance between the hydrocarbon systems and the accommodations module has been 
maximized by placing the accommodations on the west end of the GBS and the processing 
equipment on the east end of the structure.  This results in a separation distance between the 
accommodations and the hazardous systems of approximately 150 m (492 ft).  The 
accommodations module is located above ballast areas of the GBS and not the atmospheric 
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pressure LNG containment system.  The accommodations module is also separated from LNG 
storage within the GBS by the containment system and the concrete deck. 
 
 Further, the personnel quarters is aligned with the LNGC accommodations, as the 
LNGC will berth on the north side of the terminal with its bow typically heading east.  The 
helicopter deck is located on top of the personnel quarters, and the westerly location of the 
personnel quarters enables an upwind helicopter approach during the governing wind direction.   
 
 Escape capsules are provided near the accommodations module. 2 x 100% lifeboat 
stations and muster points are provided on different sides of the installation (near the 
accommodations) to improve the reliability and availability of lifeboats being successfully 
launched in an emergency. 
 
 An alternative refuge is provided at the east end of the installation to act as a muster 
and evacuation point for major accident scenarios that prevent all personnel from reaching the 
accommodations and primary muster areas.  This alternative refuge will be equipped with 
communications equipment and an additional escape capsule. 
 
 To minimize the liquid inventory for safety reasons, the main hydrocarbon equipment 
is clustered on the eastern GBS caisson, enabling short process lines.  All process equipment 
including the re-condenser vessel can drain directly into the LNG storage tanks.  The low 
pressure liquid header is located on the south side of the process equipment; the HP gas 
header is located on the north side of the process equipment.  The vent/flare is located on the 
southeast corner of the eastern GBS caisson. 
 
 The risers and metering skid are located at the eastern end of the terminal because 
of the direction of the send-out lines.  The water intake system is located off the terminal 
structure and is connected to the eastern GBS caisson by means of two pipes.  The outfall 
system is also off the terminal structure and runs from the eastern GBS caisson as well. 
 
 Safe utilities have been placed between the accommodations module and 
hydrocarbon processing facilities to further act as a barrier between the safe and hazard ends of 
the installation.  During the engineering process, consideration was given to locating the 
accommodations, flare tower, and LNGC berth on steel jacket structures external to the GBS.  
The technical, economic and safety assessments identified that each of these options was 
technically feasible and met the safety objectives of the facility. 
 
 The vent/flare is located on the southeast corner of the eastern GBS caisson. 
 
2.9.1.2.1 GBS Structure 
 
 The main functions of the GBS structures are to accommodate the LNG storage 
tanks, to safely support the accommodations, LNG vaporization plant, and other process 
equipment and utilities, and to safely enable LNGCs to berth directly alongside the GBS. 
 
 The terminal is composed of two pre-stressed and reinforced concrete structures, 
which are built onshore, towed to site, and set down on the sea bed using well-proven 
construction methods and technology, which has been commonly and successfully used in the 
offshore oil and gas industry for decades.  The concrete deck level will be about 18 m (60 ft) 
above Chart Datum, which ensures that no wave overtopping or green water will occur in 
operational environmental conditions.  
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 The two GBS caissons will be placed end to end.   
 
 The structural layout consists of a repetitive grid of plane walls and slabs.  
Longitudinal and transverse skirts located underneath the base slab extend below the mudline 
in order to achieve adequate bottom stability and prevent the GBS from sliding, and overturning.  
Between the storage tanks and the outer wall and bottom of the GBS is a grid of cells, which will 
be used for ballasting the GBS during transportation to the site, and to ground and to secure the 
GBS foundation.  In addition, the peripheral so-called “buffer belt” around the LNG tank provides 
protection to the tanks against boat impact.  
 
2.9.1.3 LNG Facilities 
 
 This section provides a description of the LNG process facilities. 
 
2.9.1.3.1 Boil Off Gas 
 
 Vapor is formed due to heat ingress from the storage tank; heat introduced into the 
tank during ship unloading; heat ingress from the LNG recirculation lines and by changes in the 
fluid composition when LNG is offloaded into the storage tanks from LNGCs.  This vapor is 
referred to as boil off gas (BOG). 
 
 BOG is used to balance the pressure in the LNGC while unloading, based on 
differential pressure.  Excess BOG is routed to the BOG compressor. 
 
2.9.1.3.2 Boil Off Gas Compressor 
 
 The BOG is compressed by the BOG compressor and is routed to the recondenser.  
There will be one spare BOG compressor.  During hurricanes, the terminal will be unmanned 
and gas send-out will cease.  All non-critical operations will be shut down, and as a result, 
excess boil-off will be flared. 
 
2.9.1.3.3 Re-Condenser 
 
 The re-condenser is used to re-condense all of the BOG and provide enough 
pressure and surge volume at the suction of the HP LNG send-out pumps.  The main flow of the 
LNG from the in-tank pumps will be routed directly to the bottom of the re-condenser vessel.  
The BOG will be recondensed by mixing it with a portion of this cold LNG being pumped out of 
the LNG storage tanks.   
 
 The re-condensed BOG will mix with the LNG inside the bottom section of the 
recondenser and is then routed to the regasification trains.  The recondenser is designed to 
consume all of the boil-off generated in the GBS, including ship-unloading vapors.   
 
2.9.1.3.4 LNG In-Tank Pumps 
 
 The in-tank LNG pumps transfer LNG from the LNG storage tanks to the process 
facilities.  The low-pressure in-tank pumps are centrifugal submerged motor pumps, installed in 
vertical pump wells inside the storage tank. 
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2.9.1.3.5 LNG HP Pumps 
 
 HP pumps will bring the required maximum flow rate of LNG to a pressure of 
1,470 psig (100 barg).  Each pump will be directly coupled to an ORV.  The pumps are designed 
for cryogenic service and will have a kickback line and open vent line back to the recondenser.  
There will be one spare HP pump. 
 
2.9.1.3.6 ORVs 
 
 The LNG flow from each HP pump is passed to an ORV, where the LNG is vaporized 
at high pressure.   
 
 Seawater will be used as the heating medium for the ORVs to vaporize the LNG.  
The seawater will be delivered using pumps.  There will be one spare seawater pump installed.  
An electro-chlorination unit will prevent marine growth on the seawater lines.   
 
 The LNG is fed through aluminium tubes while seawater flows from the top of the 
vaporizers over the tubes whereby the vaporization takes place.  The approach temperature 
(the difference between outlet temperature and the seawater intake temperature) is a maximum 
of 10ºC (18ºF).  There will be one additional ORV installed as a spare. 
 
2.9.1.3.7 Sales Gas Heaters 
 
 The send-out gas is heated in order to mitigate the possibility of hydrate formation in 
the take-away pipelines.  There will be two sales gas heaters in normal operation with one 
additional installed spare.  The heating medium will be water based. 
 
 Waste heat is recovered from the power generation exhaust gases in the waste heat 
recovery unit, using a water based heating medium.  During very cold weather, a small 
supplementary boiler is provided for additional heating required to prevent hydrate formation in 
the export pipelines. 
 
2.9.1.3.8 LNG and Gas Quality Measurement 
 
 Custody transfer for the LNG discharging from the LNGC is based on ship level 
measurements to determine volume and online gas chromatography measurements to 
determine composition.  The LNG chromatograph will be located downstream of the loading arm 
prior to the tank inlet.  A dome sampler, which collects a composite sample over the entire 
unloading period, will be used.  Export gas will also be analyzed by gas chromatography, and 
the gas sampling point will be on the sales gas header.  
 
2.9.1.3.9 Send-Out Gas Distribution and Metering   
 
 After heating, the gas export stream will be divided between the take-away pipelines.  
Each pipeline will have its own pressure reduction station and two or more custody transfer 
meters to accommodate the export flowrate.   
 
2.9.1.3.10 LNG Circulation System 
 
 All significant lengths of cryogenic piping and equipment will remain cold during 
normal operation by the presence of LNG.  Lines where this is not possible (e.g., the vapor 
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return line) will be designed for thermal cycling.  Recirculation is established from the LNG 
storage tanks from the low pressure LNG send-out header to the unloading manifold and 
directly back into the tanks.  Compared to a conventional LNG import terminal, the heat ingress 
(and hence the required rate of LNG circulation) will be fairly limited due to the short distance 
between the LNGC and the storage tanks. 
 
2.9.1.3.11 Relief System 
 
 Under normal operating conditions, the facility will have no flaring or venting, any 
BOGs will be recondensed to LNG liquid and routed to the HP LNG pumps.  For emergency 
conditions, there will be three emergency relief headers, a flare header, a low-pressure 
emergency vent header, and a HP emergency vent header.  A self-igniting flare will be provided 
to safely dispose of emergency process releases.  The ignitable flare concept will minimize the 
overall greenhouse gas emissions to the atmosphere of the facility.   
 
 In case of abandonment of the facility during hurricane situations, the send-out of 
natural gas will be discontinued.  In these situations, tank boil-off will be routed to the flare. 
 
2.9.1.4 Pipelines 
 
 The pipelines will operate at approximately 1,200 psig (82 barg) and will be buried to 
meet the regulatory standards of cover.   
 
 The pipelines will be located in water depths varying from 12.2 to 18.3 m (40 to 
60 ft).  The pipelines will be constructed of API 5L pipe having a specified minimum yield stress 
of (SMYS) of 52,000 psi (358.5 mega Pascal [Mpa]) or greater.  The pipelines will be 
constructed in accordance with 49 CFR 192.327(g) and 192.612(b)(3) requiring all natural gas 
pipelines in the Gulf of Mexico to have a minimum of 0.91 m (36 in.) of cover for normal 
excavation and 0.46 m (18 in.) of cover for rock excavation except that pipelines crossing 
shipping fairways will be buried with 3 m (10 ft) of cover.  For undersea stability, the pipeline will 
have an appropriate weight concrete coating.  The corrosion protection system will include a 
thin film external coating and sacrificial anodes. 
 
2.9.2 Construction 
 
2.9.2.1 Fabrication of the GBS Unit 
 
 The two caissons forming the GBS structure will be constructed in a purpose-built 
graving dock located somewhere in the GOM or Caribbean.  Both GBS caissons will be 
constructed simultaneously in a single graving dock.  The GBS construction scope includes the 
installation of the LNG containment system and the installation/integration of the topside 
facilities equipment.  Once the construction scope is complete, the graving yard will be flooded 
by removing the entrance berm by a combination of excavation and dredging.  Any additional 
dredging required to reach the shipping channel would also be performed.  The first caisson will 
be towed to site and installed before the second caisson is towed to location. 
 
 The caisson construction effort will employ both skilled and unskilled labor crafts.  
Total numbers may range from 750 to 2,000 depending on the mix of skill levels.  Preliminary 
assessment of the labor pools near the potential graving docks indicates that the construction 
contractor can reasonably expect to acquire the required craft labor within the region around the 
construction site. 
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2.9.2.2 Positioning of the GBS Unit and Topside Fabrication 
 
 Each GBS caisson with its associated facilities will be towed from the graving dock to 
the Gulf Landing site and positioned using several large tow vessels.  Additional smaller vessels 
may be required during the tow from the construction yard to open water and then again during 
the installation of each caisson. 
 
 The installation process for the entire GBS is estimated to last approximately 
3 to 4 months, depending on the details of the final design.  The amount of solid ballast and 
scour protection will determine the overall installation time required.  The topside facility tie-in 
work will be performed concurrently with the installation of the solid ballast and scour protection. 
 
 The offshore installation equipment will be sourced mainly from U.S. based 
operators, or contractors with offices in the U.S.  Derrick barges, support tugs, and supply 
vessels will be coming from standard GOM equipment fleets. 
 
 Topside facility fabrication will be performed by established contractors along the 
U.S. Gulf coast.  This work effort is estimated to provide employment to between 500 and 
1,000 workers over the construction period.  Once the terminal is operational, it can support a 
crew of up to 60 people including ad hoc visitors, maintenance personnel, etc., and with shift 
requirements, is estimated to provide permanent employment to approximately 100 people.  
These individuals will come from the local Gulf coast offshore labor pool and should not result in 
any significant population shifts. 
 
2.9.2.3 Interconnector Take-Away Pipelines 
 
 The installation of the natural gas take-away pipelines is an independent element of 
the construction of this facility.  Pipeline installation could occur during the summer prior to GBS 
installation.  The installation process will probably be performed during the summer months 
(June to September) of the year to take advantage of calm weather.  Pipes will be laid on the 
bottom using a pipelay barge and then buried to a depth required by MMS regulations.  The 
burial process will probably use a hydrojecting sled to dig the trench into which the pipeline will 
settle.  In this area of the GOM, these types of pipeline trenches naturally refill within a matter of 
months. 
 
 The take-away pipelines for the LNG regasification terminal will be kept dry once 
they are placed in the water, eliminating the use of any biocides to prevent marine growth inside 
them.  Once they are ready to be connected to the terminal facility, they will be hydrotested 
using untreated seawater and then dried with nitrogen.  Installation of all five of the natural gas 
take-away pipelines proposed for the project is expected to take approximately 5 months. 
 
 All pipelines will undergo a hydrostatic test to prove their strength after construction 
and before being placed in operation.  The riser sections of the pipelines will be pre-installed on 
the GBS and tested onshore.  Fresh potable water will be used as the test medium.  After 
completion of the pressure test, the riser sections will be drained and left void prior to the GBS 
being towed offshore. 
 
 Installation of the pipelines will be completed in two phases.  The first phase will 
involve the laying and trenching of the pipelines themselves.  The second phase consists of 
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installation of the connections to the existing pipelines and tying-in the risers.  Timing between 
the two phases will be roughly 1 year apart. 
 
 In order to minimize impact to the environment, hydrostatic testing of the pipelines 
will be performed after the completion of the second phase.  The pipelines will be filled with 
fresh, clean seawater for a minimal amount of time, and no corrosion inhibitor will be required.   
 
 Initial filling of the pipelines will be performed via valves that will be pre-installed on 
either the startup or laydown heads of the pipelines.  Attached to the end of the valve will be a 
hose and strainer attached to a small buoy to prevent sand, debris, and marine organisms from 
entering the pipeline.  After all pipelines have been tied-in, fresh, clean seawater will be pumped 
aboard the GBS and used to complete the filling of the pipelines and to perform the hydrotest. 
 
 Initial velocities and flow rates for filling of the pipelines have been estimated based 
upon Bernoulli’s equation and are provided below (see Table 2.10).  Initial velocities and flow 
rates will be the maximum fill rates of the pipelines. 
 
Table 2.10.  Initial velocities and flow rates during filling of the pipelines for hydrostatic testing. 
 

Pipeline Volume 
m3 (bbl) 

Velocity 
m/s (ft/s) 

Flow Rate 
m3/s (ft3/s) 

A 19,660 (123,640) 0.67 (2.2) 0.41 (14.5) 
B 5,685 (35,755) 0.67 (2.2) 0.19 (6.6) 
C 11,719 (73,702) 0.67 (2.2) 0.28 (9.9) 
D 336 (2,114) 1.49 (4.9) 0.18 (6.4) 
E 4,184 (26,311) 0.61 (2.0) 0.11 (4.0) 

 
 These initial flow rates are sufficient to produce both entrainment and impingement 
impacts to marine species present in the area.  The potential for entrainment and impingement 
impacts is mitigated somewhat by the fact that these initial water velocities will decrease rapidly 
as the pipelines fill.  Placement of the uptake for hydrostatic testing water near the bottom of the 
seafloor will reduce entrainment and impingement impacts. 
 
 Dewatering of the lines will be performed by “pigs” (mechanical devices used for 
internal cleaning and inspections of pipelines) placed in the “hot taps” or connecting points of 
the lines and pushed back toward the platform by the line pack gas.  Displaced water will be 
disposed of per appropriate authority requirements.  The velocities and density of this displaced 
seawater should be insufficient to produce any impacts to marine species in the discharge area.  
No chemicals or biocides will be added to this hydrostatic testing water. 
 
 Permits, if required, for disposal of the water will be obtained prior to performing 
dewatering activities. 
 
2.9.3 Decommissioning 
 
 All assets will be designed such that, when they have reached the end of their useful 
life, they can be decommissioned either by dismantling and removal, or by abandonment in 
accordance with statutory requirements and existing standards.  Structures will be removed, 
and the site will be left in a safe and environmentally acceptable condition following all 
requirements listed in Minerals Management Service Gulf of Mexico OCS Region Notice to 
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Lessees and Operators (NTL) No. 98-26 titled “Minimum Interim Requirements for Site 
Clearance (and Verification) of Abandoned Oil and Gas Structures in the Gulf of Mexico.”   
 
2.10 ALTERNATIVE B (WEST CAMERON BLOCK 183) 
 
 Alternative B is similar to the Preferred Alternative and would be located in West 
Cameron Block 183.  The offshore facility components are very similar and in some cases 
identical to those described previously for a terminal in Block 213 (see Section 2.9.1).  
 
 Because of its location near a shipping fairway, water depth, unimpeded carrier 
access, soil profile, and lease hold status, Block 213 is the location identified in the Preferred 
Alternative, and this block has been the focus of all geohazard, cultural resources, and pipeline 
right-of-way surveys.  No new geophysical or cultural resource surveys have been conducted in 
Block 183.  Historical data from an adjacent area (Block 182) have been used to characterize 
the geology, soils, and cultural resource potential in this block. 
 
2.11 ALTERNATIVE C – NO ACTION 
 
 Under Alternative C (No Action), the proposed LNG terminal would not be 
constructed.  All of the environmental impacts associated with constructing a GBS LNG 
regasification terminal in Block 213 (Alternative A) or Block 183 (Alternative B) would be 
avoided.  Those impacts are analyzed in Section 4.0, Environmental Consequences. 
 
 Under the No Action Alternative, the anticipated need for natural gas to meet the 
demands of U.S. industry, commercial interests, and residential consumers would not be met by 
the proposed project.  It is possible that the need would be met by some other type of LNG 
regasification facility in the GOM or elsewhere.  Construction and operation of such facilities 
would involve environmental impacts, some of which would be similar to those identified in this 
ER.  Different environmental impacts may occur depending on the technologies and location(s) 
selected.  For example, construction of new LNG terminals in coastal areas may affect coastal 
habitats and other uses. 
 
 Although the No Action Alternative would avoid all impacts of constructing and 
operating the proposed LNG terminal, other economic, social, and environmental impacts may 
occur under this alternative.  If the identified need for additional natural gas supplies is not met 
by the Preferred Alternative or other LNG regasification terminals, increased costs to consumers 
may result due to inadequate supplies of natural gas.  Increased usage of fossil fuels other than 
natural gas may result in higher emissions of atmospheric pollutants including greenhouse 
gases.  Increased domestic natural gas production to meet demand may also involve 
environmental impacts including air pollutant emissions, liquid pollutant discharges, habitat 
disturbance, and loss of scenic values. 
 
2.12 ISSUES FOR IMPACT ANALYSIS 
 
2.12.1 Issues Analyzed 
 
 Issues of concern relate to potential impact producing factors associated with the 
construction and operation of a GBS LNG regasification facility in the GOM.  These include 
sensitive environmental resources that could be impacted by regasification unit construction, 
installation, operation, decommissioning, and associated transportation and support activities 
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that could be affected.  The environmental resources potentially vulnerable to impacts from the 
proposed LNG regasification terminal are as follows: 
 

• Air quality; 
• Water and sediment quality; 
• Fish and fisheries resources including Essential Fish Habitat (EFH); 
• Marine mammals; 
• Sea turtles; 
• Marine, coastal, and migratory birds; 
• Benthic communities; 
• Pelagic communities; 
• Coastal habitats; 
• Commercial and recreational fishing; 
• Marine shipping; 
• Cultural resources; 
• Military uses; and 
• Onshore socioeconomic conditions and concerns. 

 
 Table 2.11 presents a list of specific impact producing activities.  Potential impact 
producing factors are analyzed by resource category and operational phase (i.e. construction, 
operation, and decommissioning) in Section 4.0, Environmental Consequences, of this 
document. 
 
Table 2.11.  Potential impact producing activities including accidents and upsets. 
 

Impact Producing Activity 

NORMAL OPERATIONS 

Construction 
Dredging required for graving dock at fabrication facility 
Dredging potentially required for channel enlargement at construction facility  
Air emissions at construction facility 
Storm water run off at construction facility 
Solid waste disposal at construction facility 
Towing vessel marine discharges (Towing vessels will not anchor) 
Towing vessel air emissions 
Construction vessel marine discharges 
Construction vessel air emissions 
Construction vessel movements 
Construction vessel anchoring 
Accidental release of trash and debris 
Installation of GBS caissons and associated structures 
Seawater intake structure installation 
Cool water discharge installation  
Installation of five interconnector pipelines (Pipe laying vessels will not anchor) 
Hydrostatic testing of five interconnector pipelines 

Routine Operations 
LNGC vessel movements 
Tug and supply vessel movements near shore base 
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Impact Producing Activity 

Tug and supply vessel movements near GBS structure 
LNGC vessel marine discharges 
LNGC vessel air emissions 
LNGC anchoring 
Tug and supply vessel marine discharges 
Tug and supply vessel air emissions 
Tug and supply vessel anchoring 
Accidental release of trash and debris 
Physical presence of the GBS structure in the water 
Lights and noise from GBS structure 
Noise associated with helicopter flights from shore base 
Noise associated with helicopter flights landing at GBS terminal 
Terminal treated sewage, runoff, and marine discharges 
Terminal air emissions 
Warm water uptake for the ORVs 
Cool water discharge from ORVs 

Decommissioning 
Construction vessel movement 
Construction vessel marine discharges 
Construction vessel air emissions 
Construction vessel anchoring 
Topside dissection and removal  
GBS structure removal and disposal 
Accidental release of trash and debris 
Warming water intake structure removal 
Cool water discharge structure removal 
Abandonment of five interconnector pipelines 
 

ACCIDENTS AND UPSETS 

Construction 
Fuel or waste water spills from towing or construction vessels 

Routine Operations 
LNGC vessel minor fuel or waste water spills 
Tug and supply vessel minor fuel or waste water spills 
Tug and supply vessel foundering and salvage 
Helicopter crash 
Diesel spill from GBS holding tank 
LNG spill from LNGC or terminal 
Fire aboard terminal 
Forced venting of natural gas during an emergency 
Interconnector pipeline rupture 

Decommissioning 
Fuel or waste water spills from construction vessels 
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2.13 COMPARISON OF ALTERNATIVES 
 
 Alternative A (Preferred Alternative) is the construction and operation of a GBS LNG 
regasification terminal in West Cameron Block 213.  Alternative B is similar to the Preferred 
Alternative, and the terminal would be located in West Cameron Block 183.  Alternative C is the 
No Action Alternative.  Alternatives A and B are included in the detailed environmental analysis 
in Section 4.0, Environmental Consequences.  Under Alternative C (No Action), all of the 
environmental impacts described in Section 4.0, Environmental Consequences would be 
avoided. 
 
 Table 2.12 compares the environmental impacts of Alternative A (Preferred 
Alternative) and Alternative B. 
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DWP = deepwater port. GOM = Gulf of Mexico. ORV = open rack vaporizer. 
EEZ = Economic Exclusion Zone. LNG = liquefied natural gas. NPDES = National Pollutant Discharge Elimination System. 
EPA = U.S. Environmental Protection Agency. LNGC = liquefied natural gas carrier. USCG = U.S. Coast Guard. 
GBS = gravity based structure. OCS = outer continental shelf. 

Table 2.12.  Matrix comparing environmental impacts in West Cameron Block 213 (WC 213) (Alternative A, Preferred Alternative), and 
West Cameron Block 183 (WC 183) (Alternative B). 

 

Impact Significance Rating 
Environmental 

Component 
Impact Producing 

Factor 
Impact Description 

Alternative A 
WC 213 

Alternative B 
WC 183 

Comparison/Explanation 

Physical and Chemical Environment 

Air emissions at 
the graving dock 
construction site 

Air emissions associated with 
caisson casting, dredging, and 
ship movements taking the two 
caissons out to sea. 

Adverse but 
not significant 

Adverse but 
not significant

The construction site for the Gulf Landing 
caissons has not yet been selected. 

Towing vessel air 
emissions  

Air emissions from the mobile 
ship sources towing the two 
caissons to the offshore site. 

Adverse but 
not significant 

Adverse but 
not significant

These emissions are expected to be 
nearly the same under Alternative A or B. 

Construction 
vessel air 
emissions 

Air emissions for supply and 
construction vessels associated 
with assembling the Gulf 
Landing LNG regasification 
terminal at the offshore site. 

Adverse but 
not significant 

Adverse but 
not significant

These emissions are expected to be the 
same under Alternative A or B. 

LNGC vessel air 
emissions 

Air emissions from the LNGCs 
that come to the DWP. 

Adverse but 
not significant 

Adverse but 
not significant

These emissions are expected to be the 
same under Alternative A or B. 

Tug and support 
vessel air 
emissions 

Air emissions from tug and 
support vessels associated with 
the DWP. 

Adverse but 
not significant 

Adverse but 
not significant

These emissions are expected to be the 
same under Alternative A or B. 

Terminal air 
emissions 

Air emissions from the Gulf 
Landing LNG regasification 
terminal. 

Adverse but 
not significant 

Adverse but 
not significant

These emissions are expected to be the 
same under Alternative A or B.  
Alternative A in Block 213 is farther 
offshore than Alternative B in Block 183; 
therefore Alternative A is the preferable 
location relative to terminal air emissions. 

Air Quality 

Decommissioning 
vessel air 
emissions 

Air emissions from the 
construction vessels used to 
decommission and remove the 
LNG regasification terminal at 
the end of operations.  

Adverse but 
not significant 

Adverse but 
not significant

These emissions are expected to be the 
same under Alternative A or B. 
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Table 2.12.  (Continued). 
 

DWP = deepwater port. GOM = Gulf of Mexico. ORV = open rack vaporizer. 
EEZ = Economic Exclusion Zone. LNG = liquefied natural gas. NPDES = National Pollutant Discharge Elimination System. 
EPA = U.S. Environmental Protection Agency. LNGC = liquefied natural gas carrier. USCG = U.S. Coast Guard. 
GBS = gravity based structure. OCS = outer continental shelf. 

Impact Significance Rating 
Environmental 

Component 
Impact Producing 

Factor 
Impact Description 

Alternative A 
WC 213 

Alternative B 
WC 183 

Comparison/Explanation 

Storm water run off 
at the construction 
site 

Storm water run off at the GBS 
fabrication site will be managed 
under the selected construction 
yard's normal surface water 
management plan.  No adverse 
impacts are anticipated. 

No impact 
anticipated 

No impact 
anticipated 

No impacts are anticipated under either 
Alternative A or B. 

Solid waste 
disposal at the 
construction facility 

Solid waste from the 
construction facility will be 
collected and disposed of in an 
approved onshore disposal site.  
No impacts are anticipated in 
marine habitats. 

No impact 
anticipated 

No impact 
anticipated 

No impacts are anticipated under either 
Alternative A or B. 

Dredging at the 
graving dock site 
and if ship channel 
enlargement is 
required 

There will be a certain amount 
of dredging required for forming 
and opening the caisson 
casting basin.  There may be 
additional dredging required if 
the ship channel must be 
enlarged to get the caissons out 
to sea. 

Adverse but 
not significant 

Adverse but 
not significant

These impacts would be the same under 
Alternative A or B.  They will be 
controlled and regulated at the 
construction site, and mitigation for any 
potentially significant impacts would 
occur on site at that location. 

Towing vessel 
discharges 

These impacts are unlikely to 
be significant because vessel 
discharges are regulated and 
controlled to meet USCG 
standards. 

Adverse but 
not significant 

Adverse but 
not significant

The possibility for these impacts to occur 
would be the same under Alternative A 
or B. 

Water and 
Sediment Quality 

Construction 
vessel discharges 

These impacts are unlikely to 
be significant because vessel 
discharges are regulated and 
controlled to meet USCG 
standards. 

Adverse but 
not significant 

Adverse but 
not significant

The possibility for these impacts to occur 
would be the same under Alternative A 
or B. 
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Table 2.12.  (Continued). 
 

DWP = deepwater port. GOM = Gulf of Mexico. ORV = open rack vaporizer. 
EEZ = Economic Exclusion Zone. LNG = liquefied natural gas. NPDES = National Pollutant Discharge Elimination System. 
EPA = U.S. Environmental Protection Agency. LNGC = liquefied natural gas carrier. USCG = U.S. Coast Guard. 
GBS = gravity based structure. OCS = outer continental shelf. 

Impact Significance Rating 
Environmental 

Component 
Impact Producing 

Factor 
Impact Description 

Alternative A 
WC 213 

Alternative B 
WC 183 

Comparison/Explanation 

LNGC vessel 
discharges 

These impacts are unlikely to 
be significant because vessel 
discharges are regulated and 
controlled to meet USCG 
standards.  LNGCs will dump 
no ballast water within the US 
EEZ. 

Adverse but 
not significant 

Adverse but 
not significant

The possibility for these impacts to occur 
would be the same under Alternative A 
or B. 

Tug and support 
vessel discharges 

These impacts are unlikely to 
be significant because vessel 
discharges are regulated and 
controlled to meet USCG 
standards. 

Adverse but 
not significant 

Adverse but 
not significant

The possibility for these impacts to occur 
would be the same under Alternative A 
or B. 

Decommissioning 
vessel discharges 

These impacts are unlikely to 
be significant because vessel 
discharges are regulated and 
controlled to meet USCG 
standards. 

Adverse but 
not significant 

Adverse but 
not significant

The possibility for these impacts to occur 
would be the same under Alternative A 
or B. 

Construction 
vessel anchoring 

Bottom sediments will be 
disturbed generating turbidity 
during this process.  This effect 
will be localized and short lived. 

Adverse but 
not significant 

Adverse but 
not significant

These impacts will be the same under 
Alternative A or B. 

Water and 
Sediment Quality 
(continued) 

Pipeline 
hydrostatic testing 

No biocides will be used for 
hydrostatic testing so there will 
be no environmental impacts 
from this activity.  There is the 
possibility for entrainment of 
marine organisms when pipes 
are hydrostatically tested.  
Screening of intake ports will 
help mitigate this potential 
impact. 

Potentially 
adverse but 
not significant 

Potentially 
adverse but 
not significant

These potential impacts will be the same 
under Alternative A or B. 
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Table 2.12.  (Continued). 
 

DWP = deepwater port. GOM = Gulf of Mexico. ORV = open rack vaporizer. 
EEZ = Economic Exclusion Zone. LNG = liquefied natural gas. NPDES = National Pollutant Discharge Elimination System. 
EPA = U.S. Environmental Protection Agency. LNGC = liquefied natural gas carrier. USCG = U.S. Coast Guard. 
GBS = gravity based structure. OCS = outer continental shelf. 

Impact Significance Rating 
Environmental 

Component 
Impact Producing 

Factor 
Impact Description 

Alternative A 
WC 213 

Alternative B 
WC 183 

Comparison/Explanation 

Terminal waste, 
runoff, discharges 

These impacts are unlikely to 
be significant because all 
terminal discharges are 
regulated and controlled to 
meet EPA standards. 

Adverse but 
not significant 

Adverse but 
not significant

These impacts will be the same under 
Alternative A or B. 

Installation of the 
two caissons 
forming the GBS 
terminal 

Bottom sediments will be 
disturbed, generating turbidity 
during this process.  This effect 
will be localized and short lived. 

Adverse but 
not significant 

Adverse but 
not significant

These impacts will be the same under 
Alternative A or B. 

Installation of the 
warming water 
intake and cool 
water discharge 
structures 

Bottom sediments will be 
disturbed, generating turbidity 
during this process.  This effect 
will be localized and short lived. 

Adverse but 
not significant 

Adverse but 
not significant

These impacts will be the same under 
Alternative A or B. 

Tug and support 
vessel anchoring 
during normal 
operations 

Bottom sediments will be 
disturbed, generating turbidity 
during this process.  This effect 
will be localized and short lived. 

Adverse but 
not significant 

Adverse but 
not significant

These impacts will be the same under 
Alternative A or B. 

LNGC anchoring This is anticipated to be a rare 
event, but when it does happen, 
bottom sediments will be 
disturbed, generating turbidity 
during this process.  This effect 
will be localized and short lived. 

Adverse but 
not significant 

Adverse but 
not significant

These impacts will be the same under 
Alternative A or B. 

Warming water 
intake 

This action will generate no 
impacts in terms of water or 
sediment quality. 

No impact  No impact There will be no impacts under 
Alternative A or B. 

Water and 
Sediment Quality 
(continued) 

Cool water 
discharges 

In terms of water quality, the 
sodium hypochlorite in this 
discharge will be regulated by 
EPA standards.  The cool water 
may produce a positive impact 
of near bottom oxygen levels. 

Adverse but 
not significant 

Adverse but 
not significant

A potentially positive effect in areas of 
hypoxic bottom conditions that might be 
more beneficial for Alternative B since 
that block is closer to identified hypoxic 
areas of the GOM. 
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Table 2.12.  (Continued). 
 

DWP = deepwater port. GOM = Gulf of Mexico. ORV = open rack vaporizer. 
EEZ = Economic Exclusion Zone. LNG = liquefied natural gas. NPDES = National Pollutant Discharge Elimination System. 
EPA = U.S. Environmental Protection Agency. LNGC = liquefied natural gas carrier. USCG = U.S. Coast Guard. 
GBS = gravity based structure. OCS = outer continental shelf. 

Impact Significance Rating 
Environmental 

Component 
Impact Producing 

Factor 
Impact Description 

Alternative A 
WC 213 

Alternative B 
WC 183 

Comparison/Explanation 

Construction 
vessel anchoring 
during 
decommissioning 

Bottom sediments will be 
disturbed, generating turbidity 
during this process.  This effect 
will be localized and short lived. 

Adverse but 
not significant 

Adverse but 
not significant

These impacts will be the same under 
Alternative A or B. 

Removal of the 
GBS caissons at 
decommissioning  

Bottom sediments will be 
disturbed, generating turbidity 
during this process.  This effect 
will be localized and short lived. 

Adverse but 
not significant 

Adverse but 
not significant

These impacts will be the same under 
Alternative A or B. 

Water and 
Sediment Quality 
(continued) 

Removal of the five 
interconnector 
natural gas 
pipelines 

Bottom sediments will be 
disturbed, generating turbidity 
during this process.  This effect 
will be localized and short lived. 

Adverse but 
not significant 

Adverse but 
not significant

These impacts will be nearly the same 
under Alternative A or B. 

Biological Environment 

Dredging at the 
graving dock site 
and if channel 
enlargement is 
required 

Dredging could displace local 
fish populations.  This impact 
would be temporary and 
localized. 

Adverse but 
not significant 

Adverse but 
not significant

These impacts will be the same under 
Alternative A or B. 

All vessel marine 
discharges 

This is a potential but unlikely 
impact.  All vessel discharges 
are regulated by the USCG. 

Adverse but 
not significant 

Adverse but 
not significant

These impacts will be the same under 
Alternative A or B. 

Fish and 
Fisheries 
Resources 

All vessel 
Anchoring 

Bottom disturbance by vessel 
anchoring could force fish to 
shift locations.  Effect would be 
localized and temporary. 

Adverse but 
not significant 

Adverse but 
not significant

These impacts will be the same under 
Alternative A or B. 
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Table 2.12.  (Continued). 
 

DWP = deepwater port. GOM = Gulf of Mexico. ORV = open rack vaporizer. 
EEZ = Economic Exclusion Zone. LNG = liquefied natural gas. NPDES = National Pollutant Discharge Elimination System. 
EPA = U.S. Environmental Protection Agency. LNGC = liquefied natural gas carrier. USCG = U.S. Coast Guard. 
GBS = gravity based structure. OCS = outer continental shelf. 

Impact Significance Rating 
Environmental 

Component 
Impact Producing 

Factor 
Impact Description 

Alternative A 
WC 213 

Alternative B 
WC 183 

Comparison/Explanation 

Accidental release 
of trash and debris 

This is an unlikely impact since 
no trash release is permitted 
during any phase of this project.  
If trash is accidentally released, 
fish could ingest it or become 
entangled in it.  This type of 
impact is not significant on the 
population level. 

Adverse but 
not significant 

Adverse but 
not significant

These impacts will be the same under 
Alternative A or B. 

GBS structure 
installation 

Installing the two GBS caissons 
will force some fish species to 
relocate until facilities are 
decommissioned and removed.  
This would be a localized 
impact and not significant at a 
regional level. 

Adverse but 
not significant 

Adverse but 
not significant

These impacts will be the same under 
Alternative A or B. 

Seawater intake 
structure 
installation 

Installing this structure will force 
some fish species to relocate 
until facilities are 
decommissioned and removed.  
This would be a localized 
impact and not significant at a 
regional level. 

Adverse but 
not significant 

Adverse but 
not significant

These impacts will be the same under 
Alternative A or B. 

Cool water 
discharge 
installation  

Installing this structure will force 
some fish species to relocate 
permanently.  This would be a 
localized impact and not 
significant at a regional level. 

Adverse but 
not significant 

Adverse but 
not significant

These impacts will be the same under 
Alternative A or B. 

Fish and 
Fisheries 
Resources 
(continued) 

Installation of five 
interconnector 
pipelines 

Installing these pipeline will 
force some fish species to 
relocate temporarily.  This 
would be a localized and 
short-term impact and not 
significant at a regional level. 

Adverse but 
not significant 

Adverse but 
not significant

These impacts will be the same under 
Alternative A or B. 
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Table 2.12.  (Continued). 
 

DWP = deepwater port. GOM = Gulf of Mexico. ORV = open rack vaporizer. 
EEZ = Economic Exclusion Zone. LNG = liquefied natural gas. NPDES = National Pollutant Discharge Elimination System. 
EPA = U.S. Environmental Protection Agency. LNGC = liquefied natural gas carrier. USCG = U.S. Coast Guard. 
GBS = gravity based structure. OCS = outer continental shelf. 

Impact Significance Rating 
Environmental 

Component 
Impact Producing 

Factor 
Impact Description 

Alternative A 
WC 213 

Alternative B 
WC 183 

Comparison/Explanation 

Physical presence 
of the GBS 
structure  

The terminal will act as a fish 
attractant device.  It will provide 
a habitat for food and refuge for 
some species, but it may 
disrupt normal distributions of 
others. 

Potentially 
positive 
impact 

Potentially 
positive 
impact 

These impacts will be the same under 
Alternative A or B. 

Warm water 
uptake for the 
ORVs 

Potentially significant impacts to 
fish populations both by 
entrainment of fish eggs and 
larvae and impingement of 
larger fishes. 

Adverse and 
potentially 
significant 

Adverse and 
potentially 
significant 

These impacts will be the same under 
Alternative A or B. 

Fish and 
Fisheries 
Resources 
(continued) 

Cool water 
discharge from 
ORVs 

This cool water plume from the 
ORV discharge could cause 
some species to relocate but 
could attract others.  The effect 
is regional and not significant at 
the population level.  

Possibly 
adverse, but 
not significant 

Possibly 
adverse, but 
not significant

These impacts will be the same under 
Alternative A or B. 

Marine Mammals All vessel 
movements 

All vessel movements have the 
possibility to strike a marine 
mammal.  This is considered an 
unlikely impact because the 
marine mammals found in the 
project area are highly mobile, 
and the vessels associated with 
all aspects of this project move 
at relatively slow speeds.  If a 
strike were to involve an 
endangered species, this would 
be a significant impact.  

Unlikely but 
possibly 
significant  

Unlikely but 
possibly 
significant 

These impacts will be the same under 
Alternative A or B. 
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Table 2.12.  (Continued). 
 

DWP = deepwater port. GOM = Gulf of Mexico. ORV = open rack vaporizer. 
EEZ = Economic Exclusion Zone. LNG = liquefied natural gas. NPDES = National Pollutant Discharge Elimination System. 
EPA = U.S. Environmental Protection Agency. LNGC = liquefied natural gas carrier. USCG = U.S. Coast Guard. 
GBS = gravity based structure. OCS = outer continental shelf. 

Impact Significance Rating 
Environmental 

Component 
Impact Producing 

Factor 
Impact Description 

Alternative A 
WC 213 

Alternative B 
WC 183 

Comparison/Explanation 

All vessel marine 
discharges 

All vessel discharges have the 
potential to affect marine 
mammals.  This is considered 
an unlikely impact because 
vessel discharges are 
controlled by the USCG.  An 
effect of this nature would be 
adverse but not significant. 

Adverse but 
not significant 

Adverse but 
not significant

These impacts will be the same under 
Alternative A or B. 

GBS structure 
installation 

The installation of the GBS 
structure may force some 
marine mammals to relocate.  
There is no critical habitat for 
any marine mammal in the 
project area, and any such 
impacts would be adverse but 
not significant. 

Adverse but 
not significant 

Adverse but 
not significant

These impacts will be the same under 
Alternative A or B. 

Seawater intake 
structure 
installation 

The installation of the seawater 
intake structure may force 
some marine mammals to 
relocate.  This would be a 
temporary and extremely 
localized effect. 

Adverse but 
not significant 

Adverse but 
not significant

These impacts will be the same under 
Alternative A or B. 

Marine Mammals 
(continued) 

Cool water 
discharge 
installation  

The installation of the cool 
water discharge may force 
some marine mammals to 
relocate.  This would be a 
temporary and extremely 
localized effect. 

Adverse but 
not significant 

Adverse but 
not significant

These impacts will be the same under 
Alternative A or B. 
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Table 2.12.  (Continued). 
 

DWP = deepwater port. GOM = Gulf of Mexico. ORV = open rack vaporizer. 
EEZ = Economic Exclusion Zone. LNG = liquefied natural gas. NPDES = National Pollutant Discharge Elimination System. 
EPA = U.S. Environmental Protection Agency. LNGC = liquefied natural gas carrier. USCG = U.S. Coast Guard. 
GBS = gravity based structure. OCS = outer continental shelf. 

Impact Significance Rating 
Environmental 

Component 
Impact Producing 

Factor 
Impact Description 

Alternative A 
WC 213 

Alternative B 
WC 183 

Comparison/Explanation 

Installation of five 
interconnector 
pipelines 

The installation of the five 
interconnector pipelines may 
force some marine mammals to 
relocate.  This would be a 
temporary and extremely 
localized effect 

Adverse but 
not significant 

Adverse but 
not significant

These impacts will be the same under 
Alternative A or B. 

Accidental release 
of trash and debris 

This impact is considered 
unlikely to be significant since 
no trash release offshore is 
permitted throughout this entire 
project.  If trash were accidently 
released, marine mammals 
could possibly ingest it or 
become entangled in it.  If an 
endangered species were 
affected, such an event could 
be significant. 

Unlikely but 
possibly 
significant 

Unlikely but 
possibly 
significant 

These impacts will be the same under 
Alternative A or B. 

Marine Mammals 
(continued) 

Terminal presence/ 
noise/lights 

Possible noise from activities 
such as helicopter flight could 
disturb marine mammals.  The 
lights and/or noise from the 
terminal might also attract 
marine mammals.  These 
impacts could be adverse, but 
they would not in and of 
themselves be significant. 

Adverse but 
not significant 

Adverse but 
not significant

These impacts will be the same under 
Alternative A or B. 
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Table 2.12.  (Continued). 
 

DWP = deepwater port. GOM = Gulf of Mexico. ORV = open rack vaporizer. 
EEZ = Economic Exclusion Zone. LNG = liquefied natural gas. NPDES = National Pollutant Discharge Elimination System. 
EPA = U.S. Environmental Protection Agency. LNGC = liquefied natural gas carrier. USCG = U.S. Coast Guard. 
GBS = gravity based structure. OCS = outer continental shelf. 

Impact Significance Rating 
Environmental 

Component 
Impact Producing 

Factor 
Impact Description 

Alternative A 
WC 213 

Alternative B 
WC 183 

Comparison/Explanation 

Terminal waste, 
runoff, and marine 
discharges 

All discharges have the 
potential to affect marine 
mammals.  This is considered 
an unlikely impact because all 
terminal discharges are 
regulated by the EPA through 
an NPDES permit.  An effect of 
this nature would be adverse 
but not significant. 

Adverse but 
not significant 

Adverse but 
not significant

These impacts will be the same under 
Alternative A or B. 

Marine Mammals 
(continued) 

Cool water 
discharge from 
ORVs 

The cool water plume 
discharged from the ORVs 
could force some marine 
mammals to relocate.  This 
would be very localized and is 
considered an adverse but not 
significant impact. 

Adverse but 
not significant 

Adverse but 
not significant

These impacts will be the same under 
Alternative A or B. 

Sea Turtles Dredging at the 
graving dock site 
and if channel 
enlargement is 
required 

Sea turtles can be impacted in 
the dredging process by being 
entrained or crushed.  This 
impact is unlikely, but since all 
sea turtles are endangered or 
threatened, any impact 
resulting in a turtle injury or 
death would be significant. 

Unlikely but 
significant  

Unlikely but 
significant 

These impacts will be the same under 
Alternative A or B. 
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Table 2.12.  (Continued). 
 

DWP = deepwater port. GOM = Gulf of Mexico. ORV = open rack vaporizer. 
EEZ = Economic Exclusion Zone. LNG = liquefied natural gas. NPDES = National Pollutant Discharge Elimination System. 
EPA = U.S. Environmental Protection Agency. LNGC = liquefied natural gas carrier. USCG = U.S. Coast Guard. 
GBS = gravity based structure. OCS = outer continental shelf. 

Impact Significance Rating 
Environmental 

Component 
Impact Producing 

Factor 
Impact Description 

Alternative A 
WC 213 

Alternative B 
WC 183 

Comparison/Explanation 

All vessel 
movements 

All vessel movements have the 
possibility to strike a sea turtle.  
This is considered an unlikely 
impact because the vessels 
associated with all aspects of 
this project move at relatively 
slow speeds.  Because all sea 
turtle are endangered or 
threatened, if a strike were to 
occur, this would be a 
significant impact. 

Unlikely but 
significant 

Unlikely but 
significant 

These impacts will be the same under 
Alternative A or B. 

All vessel 
discharges 

All vessel discharges could 
adversely affect sea turtles.  
This is considered unlikely to be 
significant because all vessel 
discharges are regulated by the 
USCG. 

Unlikely but 
significant 

Unlikely but 
significant 

These impacts will be the same under 
Alternative A or B. 

GBS structure 
installation 

The positioning of the GBS may 
force some sea turtles to move.  
If a sea turtle were crushed 
during placement of the GBS 
caissons, this would be a 
significant impact.  

Unlikely but 
significant 

Unlikely but 
significant 

These impacts will be the same under 
Alternative A or B. 

Sea Turtles 
(continued) 

Seawater intake 
structure 
installation 

The positioning of the seawater 
intake structure may force 
some sea turtles to move.  If a 
sea turtle were crushed during 
placement of the intake 
structure, this would be a 
significant impact. 

Unlikely but 
significant 

Unlikely but 
significant 

These impacts will be the same under 
Alternative A or B. 
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Table 2.12.  (Continued). 
 

DWP = deepwater port. GOM = Gulf of Mexico. ORV = open rack vaporizer. 
EEZ = Economic Exclusion Zone. LNG = liquefied natural gas. NPDES = National Pollutant Discharge Elimination System. 
EPA = U.S. Environmental Protection Agency. LNGC = liquefied natural gas carrier. USCG = U.S. Coast Guard. 
GBS = gravity based structure. OCS = outer continental shelf. 

Impact Significance Rating 
Environmental 

Component 
Impact Producing 

Factor 
Impact Description 

Alternative A 
WC 213 

Alternative B 
WC 183 

Comparison/Explanation 

Cool water 
discharge 
installation  

The positioning of the 
installation of the cool water 
discharge structure may force 
some sea turtles to move.  If a 
sea turtle were crushed during 
placement of the cool water 
discharge structure, this would 
be a significant impact. 

Unlikely but 
significant 

Unlikely but 
significant 

These impacts will be the same under 
Alternative A or B. 

Installation of five 
interconnector 
pipelines 

The installation of the five 
natural gas take-away pipelines 
may force some sea turtles to 
move.  If a sea turtle were 
crushed during placement of 
the cool water discharge 
structure, this would be a 
significant impact. 

Unlikely but 
significant 

Unlikely but 
significant 

These impacts will be the same under 
Alternative A or B. 

Sea Turtles 
(continued) 

Accidental release 
of trash and debris 

This impact is considered 
unlikely to be significant since 
no trash release is permitted 
throughout this entire project.  If 
trash were accidentally 
released, sea turtles could 
possibly ingest it or become 
entangled in it.   

Unlikely but 
significant 

Unlikely but 
significant 

These impacts will be the same under 
Alternative A or B. 
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Table 2.12.  (Continued). 
 

DWP = deepwater port. GOM = Gulf of Mexico. ORV = open rack vaporizer. 
EEZ = Economic Exclusion Zone. LNG = liquefied natural gas. NPDES = National Pollutant Discharge Elimination System. 
EPA = U.S. Environmental Protection Agency. LNGC = liquefied natural gas carrier. USCG = U.S. Coast Guard. 
GBS = gravity based structure. OCS = outer continental shelf. 

Impact Significance Rating 
Environmental 

Component 
Impact Producing 

Factor 
Impact Description 

Alternative A 
WC 213 

Alternative B 
WC 183 

Comparison/Explanation 

Terminal presence 
in terms of a 
potential food 
source, and 
attractant 

Once the terminal has been in 
place for a period of time, 
fouling organisms will grow over 
its sides, and these may attract 
sea turtles as a food source.  
The lights from the terminal 
may also attract sea turtles, 
particularly juveniles.  Design 
measures will be initiated to 
prevent impacts to sea turtles at 
the terminal site. 

Likely but 
mitigated for 

Likely but 
mitigated for 

These impacts will be the same under 
Alternative A or B. 

Terminal 
presence/noise/ 
lights 

Possible noise from activities 
such as helicopter flight could 
disturb sea turtles.  The lights 
and/or noise from the terminal 
might also attract sea turtles to 
the terminal area.  These 
impacts could be adverse, but 
they would not in and of 
themselves be significant. 

Adverse but 
not significant 

Adverse but 
not significant

These impacts will be the same under 
Alternative A or B. 

Terminal waste, 
runoff, and marine 
discharges 

All discharges have the 
potential to affect sea turtles.  
This impact is considered 
unlikely to be significant 
because all terminal discharges 
are regulated by the EPA 
through the NPDES permit.  An 
effect of this nature would be 
adverse and could be 
significant. 

Unlikely but 
potentially 
significant 

Unlikely but 
potentially 
significant 

These impacts will be the same under 
Alternative A or B. 

Sea Turtles 
(continued) 

Cool water 
discharge from 
ORVs 

This discharge will have no 
impacts on sea turtles. 

No impact No impact These impacts will be the same under 
Alternative A or B. 
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Table 2.12.  (Continued). 
 

DWP = deepwater port. GOM = Gulf of Mexico. ORV = open rack vaporizer. 
EEZ = Economic Exclusion Zone. LNG = liquefied natural gas. NPDES = National Pollutant Discharge Elimination System. 
EPA = U.S. Environmental Protection Agency. LNGC = liquefied natural gas carrier. USCG = U.S. Coast Guard. 
GBS = gravity based structure. OCS = outer continental shelf. 

Impact Significance Rating 
Environmental 

Component 
Impact Producing 

Factor 
Impact Description 

Alternative A 
WC 213 

Alternative B 
WC 183 

Comparison/Explanation 

Sea Turtles 
(continued) 

Seawater intake 
for LNG 
vaporization 

Seawater intake could impact 
sea turtles, particularly 
juveniles, by entrainment or 
impingement.  Design 
measures have been initiated to 
prevent this potential impact.  
Screening will prevent 
entrainment of sea turtles, and 
even juvenile sea turtles can 
swim well enough to avoid 
impingement at the current 
velocities planned. 

Possible but 
extremely 
unlikely 

Possible but 
extremely 
unlikely 

These impacts will be the same under 
Alternative A or B. 

Dredging at the 
graving dock site 
and if channel 
enlargement is 
required 

Dredging to construct the 
casting basin may disturb 
coastal birds from their normal 
habitats or feeding areas.  
These impacts are considered 
adverse but not significant. 

Adverse but 
not significant 

Adverse but 
not significant

These impacts will be the same under 
Alternative A or B. 

Marine Birds 

Air emissions at 
the graving dock 
construction site 

Air emissions during the 
construction of the GBS 
caissons may disturb coastal 
birds from their normal habitats 
or feeding areas.  These 
impacts are considered adverse 
but not significant. 

Adverse but 
not significant 

Adverse but 
not significant

These impacts will be the same under 
Alternative A or B. 
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Table 2.12.  (Continued). 
 

DWP = deepwater port. GOM = Gulf of Mexico. ORV = open rack vaporizer. 
EEZ = Economic Exclusion Zone. LNG = liquefied natural gas. NPDES = National Pollutant Discharge Elimination System. 
EPA = U.S. Environmental Protection Agency. LNGC = liquefied natural gas carrier. USCG = U.S. Coast Guard. 
GBS = gravity based structure. OCS = outer continental shelf. 

Impact Significance Rating 
Environmental 

Component 
Impact Producing 

Factor 
Impact Description 

Alternative A 
WC 213 

Alternative B 
WC 183 

Comparison/Explanation 

Accidental release 
of trash and debris 

This impact is considered 
unlikely to be significant since 
no trash release is permitted 
throughout this entire project.  If 
trash were accidentally 
released, birds could possibly 
ingest it or become entangled in 
it.  If these factors resulted in 
the death of an endangered or 
threatened species, this would 
be a significant impact. 

Unlikely but 
potentially 
significant  

Unlikely but 
potentially 
significant 

These impacts will be the same under 
Alternative A or B. 

Terminal presence/ 
noise/lights 

Possible attraction to lights, 
structure; possible collisions 
with structures.  Migratory birds 
may use the terminal as a sea 
island rest stop on their 
migration route.  This would be 
a positive impact. 

Unlikely 
negative 
impacts, 
possible 
positive 
impacts for 
migratory 
birds 

Unlikely 
negative 
impacts, 
possible 
positive 
impacts for 
migratory 
birds 

These impacts will be the same under 
Alternative A or B. 

Cool water 
discharge 

The cool water plume discharge 
could result in increased 
feeding on fish attracted to the 
upwelling area.  This would be 
a positive impact. 

Potentially 
positive 
impact 

Potentially 
positive 
impact 

These impacts will be the same under 
Alternative A or B. 

Marine Birds 
(continued) 

Topside dissection 
and removal during 
decommissioning 

This would remove the sea 
island effect from migratory 
birds.  An adverse but not 
significant effect. 

Adverse but 
not significant 

Adverse but 
not significant

These impacts will be the same under 
Alternative A or B. 
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Table 2.12.  (Continued). 
 

DWP = deepwater port. GOM = Gulf of Mexico. ORV = open rack vaporizer. 
EEZ = Economic Exclusion Zone. LNG = liquefied natural gas. NPDES = National Pollutant Discharge Elimination System. 
EPA = U.S. Environmental Protection Agency. LNGC = liquefied natural gas carrier. USCG = U.S. Coast Guard. 
GBS = gravity based structure. OCS = outer continental shelf. 

Impact Significance Rating 
Environmental 

Component 
Impact Producing 

Factor 
Impact Description 

Alternative A 
WC 213 

Alternative B 
WC 183 

Comparison/Explanation 

Dredging at the 
graving dock site 
and if channel 
enlargement is 
required 

Benthic communities will be 
disturbed by the dredging 
associated with the construction 
of the GBS caissons.  This 
impact will be local and short 
lived.  It is not significant 
regionally. 

Adverse but 
not significant 

Adverse but 
not significant

These impacts will be the same under 
Alternative A or B. 

All vessel  
Anchoring 

Benthic communities will be 
disturbed by vessel anchoring.  
These impacts will be local and 
short lived.  They are not 
significant regionally. 

Adverse but 
not significant 

Adverse but 
not significant

These impacts will be the same under 
Alternative A or B. 

GBS structure 
installation 

Benthic communities will be 
disturbed by the installation of 
the GBS caissons at the 
offshore site.  This impact will 
be local and short lived.  It is 
not significant regionally. 

Adverse but 
not significant 

Adverse but 
not significant

These impacts will be the same under 
Alternative A or B. 

Seawater intake 
structure 
installation 

Benthic communities will be 
disturbed by the installation of 
the seawater intake structure. 
This impact will be local and 
short lived.  It is not significant 
regionally. 

Adverse but 
not significant 

Adverse but 
not significant

These impacts will be the same under 
Alternative A or B. 

Benthic 
Communities 

Cool water 
discharge 
installation 

Benthic communities will be 
disturbed by the installation of 
the cool water discharge 
structure.  This impact will be 
local and short lived.  It is not 
significant regionally. 

Adverse but 
not significant 

Adverse but 
not significant

These impacts will be the same under 
Alternative A or B. 
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Table 2.12.  (Continued). 
 

DWP = deepwater port. GOM = Gulf of Mexico. ORV = open rack vaporizer. 
EEZ = Economic Exclusion Zone. LNG = liquefied natural gas. NPDES = National Pollutant Discharge Elimination System. 
EPA = U.S. Environmental Protection Agency. LNGC = liquefied natural gas carrier. USCG = U.S. Coast Guard. 
GBS = gravity based structure. OCS = outer continental shelf. 

Impact Significance Rating 
Environmental 

Component 
Impact Producing 

Factor 
Impact Description 

Alternative A 
WC 213 

Alternative B 
WC 183 

Comparison/Explanation 

Interconnector 
pipeline installation 

Benthic communities will be 
disturbed by the installation of 
the five interconnector 
take-away pipelines. These 
impacts will be local and short 
lived.  They are not significant 
regionally. 

Adverse but 
not significant 

Adverse but 
not significant

These impacts will be the same under 
Alternative A or B. 

Cool water 
discharge from 
ORVs 

Benthic communities may be 
disturbed by the cool water 
plume from the terminal.  These 
impacts may be positive as well 
as negative.  They will be 
restricted to a very small area, 
and either way they are not 
significant regionally. 

Possibly 
positive but 
not significant 

Possibly 
positive but 
not significant

These impacts will be the same under 
Alternative A or B. 

GBS structure 
removal at 
decommissioning 

Benthic communities will be 
disturbed by the removal of the 
GBS caissons.  These impacts 
will be local and short lived.  
They are not significant 
regionally. 

Adverse but 
not significant 

Adverse but 
not significant

These impacts will be the same under 
Alternative A or B. 

Seawater intake 
structure removal 
at 
decommissioning 

Benthic communities will be 
disturbed by the removal of the 
seawater intake structure.  
These impacts will be local and 
short lived.  They are not 
significant regionally. 

Adverse but 
not significant 

Adverse but 
not significant

These impacts will be the same under 
Alternative A or B. 

Benthic 
Communities 
(continued) 

Cool water 
discharge structure 
removal at 
decommissioning 

Benthic communities will be 
disturbed by the removal of the 
cool water discharge structure.  
These impacts will be local and 
short lived.  They are not 
significant regionally. 

Adverse but 
not significant 

Adverse but 
not significant

These impacts will be the same under 
Alternative A or B. 
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Table 2.12.  (Continued). 
 

DWP = deepwater port. GOM = Gulf of Mexico. ORV = open rack vaporizer. 
EEZ = Economic Exclusion Zone. LNG = liquefied natural gas. NPDES = National Pollutant Discharge Elimination System. 
EPA = U.S. Environmental Protection Agency. LNGC = liquefied natural gas carrier. USCG = U.S. Coast Guard. 
GBS = gravity based structure. OCS = outer continental shelf. 

Impact Significance Rating 
Environmental 

Component 
Impact Producing 

Factor 
Impact Description 

Alternative A 
WC 213 

Alternative B 
WC 183 

Comparison/Explanation 

Benthic 
Communities 
(continued) 

Abandonment of 
five interconnector 
pipelines at 
decommissioning 

Benthic communities will be 
disturbed by the removal of the 
five interconnector pipelines. 
These impacts will be local and 
short lived.  They are not 
significant regionally. 

Adverse but 
not significant 

Adverse but 
not significant

These impacts will be the same under 
Alternative A or B. 

Dredging at the 
graving dock site 
and if channel 
enlargement is 
required 

Dredging associated with 
caisson construction will impact 
the pelagic community in the 
immediate vicinity.  These 
impacts will be local and short 
lived.  They are not significant 
regionally. 

Adverse but 
not significant 

Adverse but 
not significant

These impacts will be the same under 
Alternative A or B. 

All vessel marine 
discharges 

Discharges from all marine 
vessels may impact the pelagic 
community in the immediate 
vicinity.  These impacts will be 
local and short lived.  They are 
not significant regionally. 

Adverse but 
not significant 

Adverse but 
not significant

These impacts will be the same under 
Alternative A or B. 

GBS structure 
installation 

Dredging associated with 
caisson installation will impact 
the pelagic community in the 
immediate vicinity.  These 
impacts will be local and short 
lived.  They are not significant 
regionally. 

Adverse but 
not significant 

Adverse but 
not significant

These impacts will be the same under 
Alternative A or B. 

Pelagic 
Communities 
 

Seawater intake 
structure 
installation 

Construction of the seawater 
intake structure will impact the 
pelagic community in the 
immediate vicinity.  These 
impacts will be local and short 
lived.  They are not significant 
regionally. 

Adverse but 
not significant 

Adverse but 
not significant

These impacts will be the same under 
Alternative A or B. 
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Table 2.12.  (Continued). 
 

DWP = deepwater port. GOM = Gulf of Mexico. ORV = open rack vaporizer. 
EEZ = Economic Exclusion Zone. LNG = liquefied natural gas. NPDES = National Pollutant Discharge Elimination System. 
EPA = U.S. Environmental Protection Agency. LNGC = liquefied natural gas carrier. USCG = U.S. Coast Guard. 
GBS = gravity based structure. OCS = outer continental shelf. 

Impact Significance Rating 
Environmental 

Component 
Impact Producing 

Factor 
Impact Description 

Alternative A 
WC 213 

Alternative B 
WC 183 

Comparison/Explanation 

Cool water 
discharge 
installation  

Construction of the cool water 
discharge structure will impact 
the pelagic community in the 
immediate vicinity.  These 
impacts will be local and short 
lived.  They are not significant 
regionally. 

Adverse but 
not significant 

Adverse but 
not significant

These impacts will be the same under 
Alternative A or B. 

Installation of five 
interconnector 
pipelines 

Installation of the five 
interconnector pipelines will 
impact the pelagic community 
in the immediate vicinity. These 
impacts will be local and short 
lived.  They are not significant 
regionally. 

Adverse but 
not significant 

Adverse but 
not significant

These impacts will be the same under 
Alternative A or B. 

Hydrostatic testing 
of five 
interconnector 
pipelines 

Hydrotesting of the five 
interconnector pipelines should 
have no impact on the pelagic 
community. 

No impact No impact These impacts will be the same under 
Alternative A or B. 

Physical presence 
of the GBS 
structure 

The physical presence of the 
terminal may have a positive 
impact on the local pelagic 
community by increasing 
productivity in a limited area.  
These impacts will be confined 
to the terminal’s immediate 
vicinity.  They are not significant 
regionally. 

Potentially 
beneficial, 
but not 
significant 
impact 

Potentially 
beneficial, 
but not 
significant 
impact 

These impacts will be the same under 
Alternative A or B. 

Pelagic 
Communities 
(continued) 

Terminal waste, 
runoff, and marine 
discharges 

Any marine discharges may 
impact the pelagic community 
in the immediate vicinity of the 
terminal.  These impacts will be 
local and short lived.  They are 
not significant regionally. 

Adverse but 
not significant 

Adverse but 
not significant

These impacts will be the same under 
Alternative A or B. 
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Table 2.12.  (Continued). 
 

DWP = deepwater port. GOM = Gulf of Mexico. ORV = open rack vaporizer. 
EEZ = Economic Exclusion Zone. LNG = liquefied natural gas. NPDES = National Pollutant Discharge Elimination System. 
EPA = U.S. Environmental Protection Agency. LNGC = liquefied natural gas carrier. USCG = U.S. Coast Guard. 
GBS = gravity based structure. OCS = outer continental shelf. 

Impact Significance Rating 
Environmental 

Component 
Impact Producing 

Factor 
Impact Description 

Alternative A 
WC 213 

Alternative B 
WC 183 

Comparison/Explanation 

Warm water 
uptake for the 
ORVs 

The warm water uptake for this 
project may have a significant 
impact on the pelagic 
community through the 
entrainment of plankton and 
ichthyoplankton.  Design 
measures have been initiated to 
avoid and minimize these 
potential impacts.  

Adverse and 
potentially 
significant 

Adverse and 
potentially 
significant 

These impacts will be the same under 
Alternative A or B. 

Cool water 
discharge from 
ORVs 

The cool water discharge for 
this project may have an 
adverse impact on the pelagic 
community in its immediate 
vicinity, but these impacts will 
be very localized and not 
significant regionally. 

Adverse but 
not significant 

Adverse but 
not significant

These impacts will be the same under 
Alternative A or B. 

GBS structure 
removal 

The removal of the GBS 
caissons may have an adverse 
impact on the pelagic 
community in its immediate 
vicinity, but these impacts will 
be very localized and not 
significant regionally. 

Adverse but 
not significant 

Adverse but 
not significant

These impacts will be the same under 
Alternative A or B. 

Pelagic 
Communities 
(continued) 

Seawater intake 
structure removal 

The removal of the seawater 
intake structure may have an 
adverse impact on the pelagic 
community in its immediate 
vicinity, but these impacts will 
be very localized and not 
significant regionally. 

Adverse but 
not significant 

Adverse but 
not significant

These impacts will be the same under 
Alternative A or B. 
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Table 2.12.  (Continued). 
 

DWP = deepwater port. GOM = Gulf of Mexico. ORV = open rack vaporizer. 
EEZ = Economic Exclusion Zone. LNG = liquefied natural gas. NPDES = National Pollutant Discharge Elimination System. 
EPA = U.S. Environmental Protection Agency. LNGC = liquefied natural gas carrier. USCG = U.S. Coast Guard. 
GBS = gravity based structure. OCS = outer continental shelf. 

Impact Significance Rating 
Environmental 

Component 
Impact Producing 

Factor 
Impact Description 

Alternative A 
WC 213 

Alternative B 
WC 183 

Comparison/Explanation 

Removal of the 
cool water 
discharge structure  

The removal of the cool water 
discharge structure may have 
an adverse impact on the 
pelagic community in its 
immediate vicinity, but these 
impacts will be very localized 
and not significant regionally. 

Adverse but 
not significant 

Adverse but 
not significant

These impacts will be the same under 
Alternative A or B. 

Pelagic 
Communities 
(continued) 

Removal of five 
interconnector 
pipelines  

The removal of the five 
interconnector pipeline may 
have adverse impacts on the 
pelagic community in their 
immediate vicinity, but these 
impacts will be very localized 
and not significant regionally. 

Adverse but 
not significant 

Adverse but 
not significant

These impacts will be the same under 
Alternative A or B. 

Dredging at the 
graving dock site 
and if channel 
enlargement is 
required 

Dredging in association with 
building the graving dock could 
impact coastal habitats or 
wetlands.  If this occurs, 
mitigation will have to be 
incorporated to offset these 
impacts. 

Adverse and 
potentially 
significant 

Adverse and 
potentially 
significant 

These impacts will be the same under 
Alternative A or B. 

Coastal Habitats 

Air emissions at 
the graving dock 
construction site 

Air emissions from the 
construction site could impact 
coastal communities.  These 
emissions are thought to 
potentially be adverse but not 
significant to the region. 

Adverse but 
not significant 

Adverse but 
not significant

These impacts will be the same under 
Alternative A or B. 
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Table 2.12.  (Continued). 
 

DWP = deepwater port. GOM = Gulf of Mexico. ORV = open rack vaporizer. 
EEZ = Economic Exclusion Zone. LNG = liquefied natural gas. NPDES = National Pollutant Discharge Elimination System. 
EPA = U.S. Environmental Protection Agency. LNGC = liquefied natural gas carrier. USCG = U.S. Coast Guard. 
GBS = gravity based structure. OCS = outer continental shelf. 

Impact Significance Rating 
Environmental 

Component 
Impact Producing 

Factor 
Impact Description 

Alternative A 
WC 213 

Alternative B 
WC 183 

Comparison/Explanation 

Accidental release 
of trash and debris 

This impact is considered 
unlikely to be significant since 
no trash release is permitted 
throughout the entire project.  If 
trash were accidentally 
released, coastal animals could 
possibly ingest it or become 
entangled in it.  It would also 
have a litter effect on coastal 
habitats.  All these impacts are 
considered adverse, but their 
potential scale is so limited that 
they are considered 
insignificant regionally. 

Adverse but 
not significant 

Adverse but 
not significant

These impacts will be the same under 
Alternative A or B. 

Terminal air 
emissions 

Terminal air emissions could 
impact coastal air quality.  
Modeling studies conducted for 
this project indicate the air 
emissions reaching shore from 
the Gulf Landing LNG 
regasification terminal will be 
below EPA established levels 
for significant degradation of 
existing air quality. 

Adverse but 
not significant 

Adverse but 
not significant

These impacts will be the same under 
Alternative A or B. 

Coastal Habitats 
(continued) 

Tug and supply 
vessel movements 
near shore base 

Possibly increased shore and 
channel erosion due to tug and 
supply vessel trips to shore 
base.  This impact is 
considered to be small, but it 
may contribute to the total 
erosion problem caused by 
vessel traffic in specific areas. 

Adverse but 
not significant 

Adverse but 
not significant

These impacts will be the same under 
Alternative A or B. 
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Table 2.12.  (Continued). 
 

DWP = deepwater port. GOM = Gulf of Mexico. ORV = open rack vaporizer. 
EEZ = Economic Exclusion Zone. LNG = liquefied natural gas. NPDES = National Pollutant Discharge Elimination System. 
EPA = U.S. Environmental Protection Agency. LNGC = liquefied natural gas carrier. USCG = U.S. Coast Guard. 
GBS = gravity based structure. OCS = outer continental shelf. 

Impact Significance Rating 
Environmental 

Component 
Impact Producing 

Factor 
Impact Description 

Alternative A 
WC 213 

Alternative B 
WC 183 

Comparison/Explanation 

Socioeconomic Environment 

Commercial and 
Recreational 
Fishing 

Exclusion from 
area surrounding 
terminal 

Commercial and recreational 
fishermen will be excluded from 
the area within 500 m of the 
terminal.  There is sufficient 
area for fishing along the 
continental shelf, and this effect 
should not create a hardship for 
any group. 

Adverse but 
not significant 

Adverse but 
not significant

These impacts will be the same under 
Alternative A or B. 

Oil and Gas 
Exploration and 
Production 

Exclusion from 
area surrounding 
terminal 

The existence of a DWP in an 
OCS lease block may reduce 
the desirability of leasing this 
block and may result in the loss 
of revenue to the Federal 
Government. 

Adverse but 
not 
significant.  
Block 213 
has never 
been leased 
even though 
it has been 
available in 
the last 
several lease 
sales 

Adverse but 
not 
significant.  
More interest 
in leasing 
Block 183 
has been 
shown in the 
last lease 
sale. 

In this case, Alternative A (Block 213) 
appears to be a more desirable location 
for an LNG regasification terminal than 
Alternative B (Block 183). 
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Table 2.12.  (Continued). 
 

DWP = deepwater port. GOM = Gulf of Mexico. ORV = open rack vaporizer. 
EEZ = Economic Exclusion Zone. LNG = liquefied natural gas. NPDES = National Pollutant Discharge Elimination System. 
EPA = U.S. Environmental Protection Agency. LNGC = liquefied natural gas carrier. USCG = U.S. Coast Guard. 
GBS = gravity based structure. OCS = outer continental shelf. 

Impact Significance Rating 
Environmental 

Component 
Impact Producing 

Factor 
Impact Description 

Alternative A 
WC 213 

Alternative B 
WC 183 

Comparison/Explanation 

Marine Shipping Additional large 
vessels in GOM 
fairways and 
navigational waters 

More ships could conflict with 
existing shipping and other 
OCS uses.  

Block 213 is 
37 mi 
offshore and 
located 
adjacent to 
an existing 
fairway.  
There should 
be no 
significant 
impacts to 
oceanic or 
coastal 
shipping in 
this location 

Block 183 is 
located 29 mi 
from shore.  
There should 
be no 
impacts to 
coastal or 
marine 
shipping in 
this area.  
This block is 
several miles 
away from an 
adjacent 
fairway so 
there is some 
possibility for 
conflicts with 
other OCS 
uses such as 
oil and gas 
development 

In this case, Alternative A (Block 213) 
would be a more desirable location for an 
LNG regasification terminal than 
Alternative B (Block 183). 

Cultural 
Resources 

Construction 
activities 

The installation of the GBS 
caissons and associated 
pipelines could damage or 
destroy prehistoric or historic 
cultural resources. 

No cultural 
resources 
present 

No cultural 
resources 
thought to be 
present 

Cultural resources would be detected 
and avoided regardless of whether the 
LNG terminal is built in Alternative A or B.
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Table 2.12.  (Continued). 
 

DWP = deepwater port. GOM = Gulf of Mexico. ORV = open rack vaporizer. 
EEZ = Economic Exclusion Zone. LNG = liquefied natural gas. NPDES = National Pollutant Discharge Elimination System. 
EPA = U.S. Environmental Protection Agency. LNGC = liquefied natural gas carrier. USCG = U.S. Coast Guard. 
GBS = gravity based structure. OCS = outer continental shelf. 

Impact Significance Rating 
Environmental 

Component 
Impact Producing 

Factor 
Impact Description 

Alternative A 
WC 213 

Alternative B 
WC 183 

Comparison/Explanation 

Military Uses Conflicts with 
staging or training 
areas 

Military staging and training 
areas and training exercises 
could be displaced by the 
terminal's presence.  Both 
alternative blocks are well away 
from designated military training 
areas. 

No impact No impact These impacts will be the same under 
Alternative A or B. 

Onshore 
Socioeconomic 
Conditions and 
Concerns 

New and different 
business and 
employment 
opportunities  

Populations could be 
dislocated, and infrastructure 
could be stressed.  Gulf 
Landing will have very little 
direct contact with the onshore 
economy, and such impacts it 
does have are the type already 
existing in the area.  Long-term 
support jobs will likely be 
created at the onshore support 
base and continuity of existing 
employment of personnel with 
the offshore oil and gas support 
activities.  Construction of the 
GBS and associated onshore 
components will create 
construction jobs in the 
communities selected for the 
construction activities. 

No impact No impact These impacts will be the same under 
Alternative A or B. 
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3.0  DESCRIPTION OF THE AFFECTED ENVIRONMENT 
 
 
 The following discussion of the marine environment considers the physical, 
biological, and cultural resources in the vicinity of the proposed Gulf Landing LNG regasification 
terminal.  This discussion includes conditions in the GOM, in general, as well as the immediate 
and surrounding environs of the Gulf Landing Project, including the offshore terminal location 
and natural gas pipeline corridors.  Coastal habitats immediately inshore from the Gulf Landing 
Project area are described, although no direct project-associated activities take place in or near 
those habitats.  The socioeconomic environment along the Western and Central GOM OCS 
Planning Areas is also briefly described. 
 
 Two possible alternative locations for the Gulf Landing LNG regasification terminal, 
West Cameron Blocks 213 and 183, are carried through this ER.  For the reasons stated in 
Section 2.0, West Cameron Block 213 is the preferred alternative, and environmental 
conditions in that area will be discussed first.  Many aspects of the marine environment will be 
identical in both blocks.  Only where the environmental parameters differ between these two 
alternative locations will parameters for each block be discussed individually. 
 
3.1 PHYSICAL AND CHEMICAL ENVIRONMENT 

3.1.1 Geology 

3.1.1.1 Geologic Setting 

 The GOM is classified as a passive continental margin (i.e., a continental boundary 
formed by rifting).  The northwest margin of the GOM, particularly the continental slope off 
Texas and Louisiana where the Gulf Landing Project will be located, has a complex evolutionary 
history involving prograding and regressing continental shelves, delta systems, and cyclic 
sea-level fluctuations.  These processes have determined the topography and morphology of 
the continental shelf off Texas and Louisiana and the distribution of sediments within these 
areas. 
 
 The GOM originated during the Late Triassic, when rifting begin between the North 
American plate and the African/South American and Eurasian plates.  As the North American 
plate drifted away from the Africa/South American and Eurasian plates, the GOM basin was 
born in the stretched zone.  Seawater flowed intermittently into the basin, depositing over 
1.86 mi (3 km) of salt during the Late Middle Jurassic (Martin and Bouma, 1978).  During the 
Late Jurassic, carbonate deposition was a dominant geological process, and it is during this 
time that the massive banks that would become the Florida and Campeche carbonate 
escarpments were formed.  In the Middle Cretaceous, slow subsidence of these carbonate 
platforms alone with little terrestrial sediment input allowed a reef system to form that extended 
from southern Texas eastward to southern Louisiana and along the shelf edges off the western 
Florida and eastern Campeche Escarpments.  In the Late Cretaceous-Paleocene, due to 
mountain building in the interior continent, continental sediments started to flux into the northern 
and western GOM (Coleman et al., 1986).  In the southern and eastern part of the GOM, 
carbonate deposition has remained active since the Late Jurassic-Early Cretaceous, with only 
small amounts of detrital sediments being deposited in the Quaternary (Coleman et al., 1986). 
 



Deepwater Port License Application Gulf Landing LLC 

October 2003 3-2 Environmental Review 

3.1.1.1.1 West Cameron Block 213 
 
 Between 7 and 28 March 2003, C&C Technologies performed a geophysical and 
multibeam seafloor mapping survey in West Cameron Block 213 for SIEP.  The purpose of this 
survey was to address the seafloor and subbottom conditions in the area, map the bathymetry, 
assess potential geological hazards, and perform an archeological assessment (C&C 
Technologies, 2003).  Water depths across the block range from 14.6 m (48 ft) atop a local 
topographic high spot in the northwestern corner of the block to 18.6 m (61 ft) in the 
southeastern corner of the block.  There are several local high spots in the western half of the 
block ranging from 1.8 to 2.8 m (6 to 9 ft) above the ambient seafloor.  The slopes on these 
features are steepest on their northern flanks, with gradients of 0.6 degrees occurring in some 
locations.  
 
3.1.1.1.2 West Cameron Block 183  
 
 As discussed in Section 2.0, West Cameron Block 213 was selected as the 
preferred location for the Gulf Landing LNG regasification terminal.  For this reason, no 
block-specific studies were initiated in West Cameron Block 183.  Previous geophysical surveys 
in the adjacent block (West Cameron Block 182) reflected a seafloor dip to the south at an 
average rate of 1.8 m (6 ft) per mile (Gulf Ocean Services, Inc., 1990).  A topographic feature 
thought to be associated with a salt diapir was seen near the northern boundary of the block.  
Water depth across the block ranged from 11 m (36 ft) atop this topographic feature to 17.7 m 
(58 ft) at the southwest corner.  A smaller topographic feature rising approximately 1.2 m (4 ft) 
above the ambient seafloor was observed in the central eastern portion of the block, interrupting 
a smooth seafloor dip to the south. 
 
3.1.1.1.3 Take-Away Pipelines 
 

The seafloor along the five take-away pipeline routes generally slopes towards the 
south, with the average seafloor gradient ranging from flat to 0.6 degrees.  Water depths along 
the surveyed routes range from 10.7 m (35 ft) in West Cameron Block 171 to 18.9 m (62 ft) in 
West Cameron Block 224. 
 
3.1.1.2 Surficial Sediments 

 Passive continental margins are geologically stable.  They have few earthquakes 
and little volcanism.  Because of this relative stability, large quantities of sediments washed into 
the sea from upland sources accumulate adjacent to the continents and form wide, shallow 
continental shelves (Martin, 1978; Gross, 1993). 
 
 The last major sea level lowstand, the Wisconsinan, occurred about 18,000 yr ago, 
and during that time, sea level dropped about 60 to 120 m (197 to 394 ft) (Bloom, 1983).  During 
the early Holocene (14,000 to 11,000 yr BP), sea level rose rapidly.  The rapid melting of the ice 
sheets created discharges that carried large amounts of sediments, which were deposited, on 
the continental shelf and upper slope of the western and northern Gulf.  At the end of the last ice 
age, the Mississippi River carried more than 13 times its current sediment load (Perlmutter, 
1985). 
 
 During the current sea-level highstand of the last 5,000 yr, the majority of the 
coarse-grained sediments transported to the Gulf are trapped on the continental shelves. Major 
sources of continental sediments in the northwestern GOM were the Rio Grande, Colorado, 
Brazos, and Mississippi Rivers (Beard et al., 1982).   
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3.1.1.2.1 West Cameron Block 213 
 
 The first phase of a geotechnical site investigation was completed at the proposed 
terminal location in June 2003 (Fugro-McClelland, 2003).  Geotechnical data acquired during 
this investigation and the prior geophysical survey (C&C Technologies, 2003), comprise a single 
borehole to 29.6 m (97 ft) below the seafloor, 14 in situ piezocone penetration tests (PCPTs) to 
approximately 18 m (59 ft) below the seafloor, and 16 piston cores with recoveries of 0.9 to 
2.7 m (3 to 9 ft).  The borehole and one PCPT were performed within 15.2 m (50 ft) of the center 
of the proposed GBS.  Ten PCPTs and four piston cores were performed within 61.0 m (200 ft) 
of the GBS footprint (Figure 3.1).  The remaining PCPT and piston cores were performed in the 
general vicinity of the terminal.  A program of laboratory testing was completed on the piston 
core and borehole samples.  The laboratory and in situ PCPT data were integrated to determine 
the shallow stratigraphy and engineering properties of the soil within the GBS footprint.  The 
stratigraphy was found to be reasonably uniform at the terminal site and comprises a medium 
dense sand layer, 0.6 to 1.8 m (2 to 6 ft) thick, at the seafloor, which is underlain by a sequence 
of stiff overconsolidated clays to a depth of 29.6 m (97 ft) below the seafloor. 
 
3.1.1.2.2 West Cameron Block 183 
 
 Sediment borings and test results from areas near Block 183 are presented in 
Figure 3.2.  Seafloor sediments from Block 182 are described as consisting of sand and muddy 
sand.  The stiff, unconsolidated sediments of the Beaumont/Prairie formation lie 0.6 to 2.4 m 
(2 to 8 ft) below the recent sediments forming the seafloor (Gulf Ocean Services, Inc., 1990).   
 
3.1.1.2.3 Take-Away Pipelines 
 

Seafloor soils along the pipeline routes are reported to consist of clayey sand across 
the majority of the surveyed area.  Areas of sand are also reported and are supported by 
interpretation of the side-scan sonar records, which revealed areas of high reflectivity and sand 
waves. 
 
3.1.1.3 Geohazards 

3.1.1.3.1 West Cameron Block 213 
 
 The subbottom in Block 213 is characterized by discontinuous reflectors lying 
parallel and subparallel to the seafloor.  A reflector of medium intensity lying 4.9 to 10.4 m (16 to 
34 ft) below the seafloor was interpreted by C&C Technologies to be the Holocene/Pleistocene 
unconformity.  Construction operations penetrating this depth can expect increased resistance 
in the formally subaerially weathered sediments below this depth.  Two generations of buried 
channels are seen between 3.66 and 8.53 m (12 and 28 ft) below the seafloor 
(C&C Technologies, 2003).  Bottom founded construction activities will avoid the boundaries of 
these channels. 
 
 Several buried growth faults were interpreted in the sediments of the western side of 
Block 213 based on air gun data.  These features were classified as small, benign inactive 
features by C&C Technologies due to the fact they are buried and show no growth in the 
overburden material (C&C Technologies, 2003).  The GBS structure forming the Gulf Landing 
LNG regasification terminal will be positioned away from these faults. 
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Figure 3.1. Gulf Landing - Phase 1 Site Investigation detailed location plan in West Cameron Block 213.
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Figure 3.2. Sediment boring log, weight, and sheer strength test from the West Cameron

Area.



Deepwater Port License Application Gulf Landing LLC 

October 2003 3-6 Environmental Review 

3.1.1.3.2 West Cameron Block 183 
 
 The Gulf Ocean Services, Inc. (1990) geophysical survey in Block 182 indicated 
numerous buried channel segments across that survey area, and it is reasonable to assume 
these buried channels extend into Block 183.  As in Block 213, two generations of buried 
channels are seen.  These buried channels lie between 0.61 and 2.44 m (2 and 8 ft) below the 
seafloor.  The geologic sequence in this area has resulted in numerous salt and shale diapiric 
intrusions.  These type of features dominate the sediment structure across much of the 
Louisiana continental shelf and often have growth faults associated with them.  No evidence of 
diapiric related fault activity was observed in the geophysical data collected in Block 182 (Gulf 
Ocean Services, Inc., 1990). 
 
3.1.2 Meteorology 
 
 Meteorological conditions at the proposed Gulf Landing LNG regasification terminal 
site are important because emissions from the deepwater regasification terminal may be 
dispersed from, or confined to, the local area depending on weather conditions.  Thus, 
meteorological conditions play an important role in assessing the air quality impacts of a 
proposed action.  Air quality in the study area, the net result of emissions, dispersion, and 
transport of gases and particulates in an area, are all affected by several meteorological 
conditions, including temperature, wind speed and direction, and precipitation.  The amount of 
convection that occurs in the lower part of the atmosphere is affected by air temperature at the 
surface.  The upper boundary of convective mixing over the earth’s surface is called the mixing 
height.  The mixing height is important in determining how well emissions disperse in the 
atmosphere.  While the mixing height over water is more stable due to relatively constant 
surface temperatures, the mixing height over coastal regions varies both diurnally and 
seasonally. 
 
 Wind speed and direction also are important in determining dispersion of emissions.  
Higher wind speeds tend to disperse pollutants more rapidly than calm winds.  Winds that blow 
from a constant direction for an extended period of time can cause localized emission impacts.  
Areas near the coast are subject to the land breeze/sea breeze phenomena.  While the waters 
of the GOM absorb large amounts of the sun’s energy, the sun’s heating of soils in coastal 
areas returns substantially more radiative heat to the atmosphere; thus, air temperatures over 
coastal areas are warmer during the daytime hours.  At night, because heat is lost to the 
atmosphere more rapidly than over water, temperatures are cooler over land than over water 
resulting in land breeze/sea breeze circulation in which winds travel onshore during the day and 
offshore at night. 
 
 For example, in the morning profiles from a coastal city such as Corpus Christi, 
Texas, it is not uncommon to see a weak surface-based inversion (an atmospheric phenomena 
where air temperatures increase with higher elevation) both in temperature and moisture (i.e., 
dew point temperature).  While open water areas of the Gulf typically do not lose sufficient heat 
overnight to set up a temperature or dew point inversion, there are occasions where offshore 
inversions are created when warm air is advected over colder water.  For example, offshore 
inversions occur in the winter and spring months near the Mississippi River delta.  Temperature 
inversions (which cause fog) also can cause extreme cases of localized pollution. 
 
 Precipitation is an important part of the natural cycle for clearing the atmosphere of 
gaseous and particulate pollutants.  Particulate matter is often the base particle on which water 
vapor coalesces to form the tiny droplets of water that form clouds.  Molecules of other 
pollutants (e.g., sulfur dioxide [SO2], nitric oxide [NO], carbon monoxide [CO]) adhere to the 
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water droplets and are eventually returned to earth in precipitation.  While many modern 
dispersion models contain sophisticated algorithms to assess the wet deposition of pollutants, 
this feature is not accepted in most regulatory applications. 
 
3.1.2.1 General Climatology 

 For most of the year (late spring, summer, and fall), weather in the Gulf Landing 
LNG regasification terminal area is influenced by the large, subtropical, high-pressure system 
known as the Bermuda High, and by a low-pressure area known as the Mexican Low.  Because 
the winds circulate clockwise around the Bermuda High and counter-clockwise around the 
Mexican Low, winds are predominantly from the south-southeast across the study area from 
April to early November.  From November to April, winds occasionally shift to the northwest with 
the passage of mid-latitude frontal systems.  In the summer and early fall, high pressure persists 
aloft over the study area.  Most days exhibit a fairly featureless pressure pattern above the 
surface, with coastal circulation falling under land/sea breeze effects. 
 
 On occasion, a weak low-pressure system aloft may move into the area and can 
remain over the region for several days.  A weak upper-level low usually helps to destabilize the 
air mass and retain moisture to greater depths than normal.  On such days, a more than normal 
number of scattered showers and thunderstorms may develop.  These thunderstorms will occur 
mainly during the hottest part of the day (i.e., from mid-afternoon through the early evening). 
 
 During the mid- and late summer, forecasters track easterly waves, tropical 
depressions, tropical storms, and hurricanes from the eastern Atlantic Ocean to the GOM.  The 
Atlantic/Gulf region typically experiences six to nine named storms during the hurricane season, 
which extends from June 1 to November 30.  Tropical storms and hurricanes can produce 
strong winds, thunderstorms, and occasional tornadoes. 
 
3.1.2.2 Onshore Climatology 

 Data from the National Climatic Data Center, which maintains a long term database 
of meteorological records principally from airport observations, have been evaluated for two 
locations onshore of the study area: Lake Charles, Louisiana located directly inshore and 
Galveston, Texas located approximately 144.81 km (90 mi) to the west.  The years reviewed 
extended from 1961 through 1995.  Based on this analysis, the annual average maximum and 
minimum daily temperatures along the coastal region around the project area are 75.75oF and 
61.5oF, respectively, with an average daily temperature of 69.2oF.  July is normally the hottest 
month for Lake Charles, with an average high temperature of 90.6oF.  August is the hottest 
month for Galveston, with average highs of 93.4oF and 87.6oF, respectively.  Overall, winters in 
these areas are relatively mild: January is the coldest month, with an average low temperature 
of 43.7oF (National Climatic Data Center, 1996a). 
 
 The average annual rainfall for this region is 120.9 cm (47.6 in).  The wettest month 
is May for Lake Charles and September for Galveston.  The driest months are February-March 
for Galveston, and Lake Charles.  Table 3.1 summarizes temperature, rainfall, and mixing 
height data for these coastal cities.  Figure 3.3 indicates the location of these coastal cities in 
relation to the proposed project. 
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Figure 3.3.  Coastal climatology and weather buoys.
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Table 3.1.  Coastal Gulf climate data. 
 

City 

Average 
Maximum 

Temperature 
(oF) 

Average 
Minimum 

Temperature 
(oF) 

Average 
Rainfall 
(inches) 

Average Morning 
Mixing Height (m) 

Average Afternoon 
Mixing Height (m) 

Galveston, TX 74.3 64.9 42.3 NA NA 
Lake Charles, LA 77.2 58.1 55.8 473 1,116 
NA = not applicable. 
Source: Temperatures derived from National Climatic Data Center (NCDC) Cooperative Stations 1961-1990 Normals.  

Precipitation derived from data for years between 1954 and 1995.  Mixing heights derived for variable 
periods for each station between 1965 and 1998. (NCDC, 1996a). 

 
 Mixing heights in coastal regions vary diurnally and seasonally.  Winter mixing 
heights range from 300 to 500 m (984 to 1,641 ft) above ground level (AGL) during the early 
morning hours, and from 800 to 1,116 m (2,625 to 3,445 ft) AGL by late afternoon (Table 3.1).  
Transient mid-latitude cold fronts can occasionally bring mixing heights below 100 m (328 ft) 
during frontal passage.  Summer mixing heights over coastal areas typically range from 400 to 
600 m (1,312 to 1,967 ft) AGL at the beginning of the day, lifting to a range of 1,150 to 2,450 m 
(3,770 to 8,033 ft) AGL by early evening. 
 
 Severe weather and fog may impact operations onshore and offshore.  At the Lake 
Charles Airport, based on a 34-yr period of record on the average there are 77 days with 
thunderstorms per year, with thunderstorms occurring the most during July and August.  Fog 
occurs on the average during 196 days in a year. 
 
3.1.2.3 Offshore Climatology 
 
 While the offshore climate is affected by the same features (e.g., Bermuda High, 
Mexican Low) as the coastal environments, there is less daily temperature variation.  In July, for 
example, the daily high and low temperatures in New Orleans vary by an average of 17.5oF, 
whereas offshore temperatures vary by approximately 6.3oF.  Seasonal temperature variability 
is similar for both onshore and offshore areas.  Tables 3.2 and 3.3 summarize climatic data 
from weather observation buoys near the study area.  Figure 3.3 indicates the location of the 
buoys relative to the Gulf Landing study area. 
 
 Mixing heights offshore are quite shallow, generally 1,100 m (3,607 ft) above sea 
level or less.  Mixing heights offshore have less diurnal variability than coastal areas because 
daily temperatures offshore do not vary as much as they do onshore.  Transient cold fronts can 
have an impact on the mixing heights, with some of the lowest heights occurring with frontal 
passage. 
 
 Offshore winds are predominantly southeasterly and easterly throughout the year.  
Figure 3.4 illustrates wind roses for each month for a 1-degree grid cell encompassing the 
project site (U.S. Navy, 1995).  The average wind speeds range from 9 to 12 kn with the highest 
wind speeds during November, December, and January.  The accompanying current roses 
show how prevailing winds influence the current speed and direction. 
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Table 3.2.  Offshore wind data from National Oceanic & Atmospheric Administration weather buoys located near the Gulf Landing 
liquefied natural gas regasification terminal area (Source: National Data Buoy Center, 2002). 

 

Month 
Parameter Statistic 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Annual 
Mean 

Mean 10.4 12 15.8 19.8 23.9 27.3 28.1 27.9 25.2 22.4 18.1 13 19.8

Max 19.5 19.6 25.2 26.2 28.5 30.4 31.5 31.7 31.9 29.9 24.6 22.3 31.9
Air Temperature 

(°C) 
Min -7.0 0 4.2 8.8 16.8 21.1 22.1 22.5 12.3 9.7 7.9 1.5 -7

Mean 11.2 14.5 17.3 21.9 24.1 27.7 28.9 30.6 29.3 25.6 19.3 16.3 24.5

Max 13.6 18.3 20.3 26.1 27.4 29.7 29.8 32 31.5 28.5 21.2 20.3 32
Sea Temperature 

(°C) 
Min 8.6 15.9 15.6 18 21.7 24.7 27.9 29.7 26.9 19.6 14.8 13 13

Mean 1,020.2 1,017.5 1,014.8 1,012.8 1,014.5 1,014.2 1,016.6 1,016.3 1,017.5 1,018.2 1,015.9 1,018.9 1,016.3

Max 1,037.4 1,031.6 1,030.9 1,028.4 1,024.7 1,021.1 1,023 1,022.1 1,026.6 1,028.5 1,025.8 1,043 1,043

Sea Level 
Pressure 
(millibars) Min 999.3 996.4 992.6 997.3 1,001.2 1,007.4 1,010.2 1,008 1,009.4 1,009 999.7 1,000.4 992.6

Mean 12.78 13.1 12.94 14.28 12.79 10.04 9.33 9.51 10.5 11.09 14.32 15.75 12.08

Max 32.81 40.26 40.76 33.1 35.4 25.87 29.12 34.6 32.15 32.73 38.1 36.93 40.76
Average Wind 
Speed (knots) 

Min 0 0 0 0 0 0 0 0 0 0 0 0 0

Mean 15.24 15.11 15.03 16.29 14.95 11.54 10.39 11.89 NA NA 18.42 18.84 14.54

Max 37.83 49.53 49.98 39.25 42.24 31 39.19 31.92 NA NA 47.41 44.42 49.98
Peak Wind Gust 

(knots) 
Min 0 0 0 0 0 0 0 0   0 0 0

NA = not available. 
Except for the sea temperature data, data are from Buoy 42011 with a period of record from September 1981 to August 1984.  Sea temperature 
data are from Buoy 42035; data are shown for January to April 2001 and May 1993 to December 1993. 
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Table 3.3.  Offshore wind data for Buoy 42011 from September 1981 to August 1984 (From: National Data Buoy Center, 2002). 
 

 Wind Direction (Tens of Degrees) Wind Speed 
(Knots) Calm 35-01 02-04 05-07 08-10 11-13 14-16 17-19 20-22 23-25 26-28 29-31 32-34 

Total %

< 0.5 0.6 * * * * * * * * * 0.1 * * 0.8 

0.5 -  3.4  0.2 0.3 0.3 0.3 0.3 0.4 0.7 0.5 0.4 0.3 0.2 0.2 4.1 

3.5 -  6.4  0.5 0.7 0.8 0.6 1.1 1.5 1.6 1.8 1.2 0.5 0.5 0.4 11.3 

6.5 - 10.4  1.3 1.9 1.9 1.7 3 4.6 4 4 2.6 0.9 0.7 0.8 27.2 

10.5 - 16.4  2.1 2.4 2.9 2.5 5.3 6.6 4.6 3.7 2.6 0.8 0.8 1.1 35.5 

16.5 - 21.4  1.8 1.7 1.3 0.8 1.7 2.6 1.5 0.6 0.4 0.3 0.4 1 14 

21.5 - 27.4  1 1.3 0.6 0.2 0.6 0.6 0.4 0.1 * 0.1 0.2 0.7 5.8 

27.5 - 33.4  0.2 0.3 0.1 * 0.1 0.1 * * * * 0.1 0.2 1.1 

33.5 - 40.4  * * *  * *  *   0.1 * 0.2 

40.5 - 47.4             * * 

 

Total % 0.6 7.3 8.6 7.9 6.1 12 16.4 12.9 10.7 7.2 3 2.9 4.4 100 

Mean Speed 0 15.16 14.48 12.82 11.78 12.46 12.21 11.01 9.88 9.72 9.92 12.81 14.94  

Total N 112 1,400 1,650 1,541 1,194 2,321 3,162 2,479 2,054 1,394 581 555 840  

* = < 0.05% 
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Figure 3.4.  Current and wind roses for a 1-degree grid cell encompassing the project site.
CSA
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Figure 3.4. (Continued).

Wind roses are provided for 1-degree grid cells encompassing the project site and show the distribution of

wind directions for eight compass points.  Wind direction is expressed as being FROM a compass direction.

The mean scalar wind speed is plotted in the center of the octagon in knots.  Frequency is expressed using

shafts, the lines extending toward the compass points on the central octagon, and proportional to the shaft

length, with individual dots representing 5% increments.  Shaft length signified by dots indicates the

percentage of winds from the shaft's compass direction.  Frequencies greater than 30% are plotted as

numbers directly on the shaft.  Mean scalar wind speed in knots for any given direction is expressed as

barbs or flags, extending from a shaft.  A barb is a line extending from the shaft representing 10 knots;

half-barbs represent 5 knots.  A wind flag is a trangle extening from the shaft representing 50 knots.

Frequency shafts without barbs or flags indicate wind speeds of less than 2.5 knots.  Half-barbs, barbs, and

flags may branch from the shaft at a dot or between dots.  If speed indicators appear to branch not from a

shaft but from the outside of the octagon, the frequency may read as "less than 1%."  Taken together,

shafts and the attached barbs and flags indicate the percentage of winds blowing from that compass point

and the mean speed of winds from that direction.

Current roses are provided for 1-degree grid cells and show the average percentage of currents setting

TOWARD a compass direction.  The mean scalar current speed is plotted at the center of the octagon in

knots.  Frequency is expressed using shafts, the lines extending toward the compass points on the central

octagon, and is proportional to the shaft length, with individual dots representing 5% increments.  Shaft

length signified by dots indicates the percentages of currents toward the shaft's compass direction.

Frequencies greater than 30% are plotted as numbers directly on the shaft.  Mean scalar current speed in

knots for any given direction is expressed as barbs or flags extending from a shaft representing 0.2 knots;

half-barbs represent 0.1 knot.  A current flag is a diamond extending from the shaft representing 1 knot.

Half-barbs, barbs, and flags may branch from a shaft at a dot or between dots.  If speed indicators appear

to branch not from a shaft but from just outside the octagon, the frequency may be read as "less than 1%."

Taken together, shafts and the attached barbs and flags indicate the percentage of currents moving toward

that compass point and the mean speed of currents following in that direction.

CSA
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3.1.3 Air Quality 
 
 The Clean Air Act (CAA) of 1970, 42 USC 7401 et seq., amended in 1990, is the 
basic Federal statute governing air pollution.  The Minerals Management Service (MMS) is 
currently responsible for implementing the CAA in the study area.  It accomplishes this largely 
through regulations found in 30 Code of Federal Regulations (CFR) Part 250, which ensures 
that new or modified offshore sources will not significantly affect onshore air quality (i.e., 
sources are in compliance with State and National Ambient Air Quality Standards [NAAQS]). 
 
 The CAA designates six pollutants as criteria pollutants for which NAAQS are 
promulgated.  The NAAQS for SO2, nitrogen dioxide (NO2), respirable particulates (PM10, 
particulates <10 mm in diameter; PM2.5, particulates <2.5 mm in diameter), CO, ozone (O3), and 
lead (Pb) were set to protect human health (primary standards) and welfare (secondary 
standards).  The NAAQS standards are provided in Table 3.4.  The project is located in an area 
presumed as being in attainment with applicable ambient standards.  The MMS normally 
reviews proposed new or modified pollutant sources located in OCS waters to evaluate potential 
impacts of the proposed source on onshore air quality, especially noting whether the source will 
contribute to any violation of the NAAQS. 
 
 Due to the fact that the Gulf Landing Project will be permitted under the Deep Water 
Ports Act, the United States Environmental Protection Agency (EPA) will be the permitting 
authority under the Clean Air Act. 
 
 The coastal areas immediately inshore of the proposed project are currently 
designated as in attainment for all NAAQS-regulated pollutants except ozone.  A number of 
coastal counties near the project area are designated as "nonattainment" for ground-level ozone 
(a primary constituent of smog) as shown in Figure 3.5. 
 
3.1.3.1 Modeling Significance Levels 

 Air quality is not monitored in offshore areas, and data are generally not available to 
characterize offshore conditions.  To evaluate impacts on offshore and onshore air quality, the 
MMS has codified modeling significance levels in 30 CFR Part 250.303 (1999) to determine 
compliance with the NAAQS.  New facilities are required to predict impacts using an approved 
model to determine whether the projected emissions of air pollutants from the facility result in an 
onshore exceedance of existing air quality standards (i.e., above the modeling significance 
levels) for priority pollutants.  The MMS modeling significant impact levels are set at the same 
concentrations as the current EPA significance levels for new or modified major Prevention of 
Significant Deterioration sources affecting nonattainment areas (40 CFR Part 51).  The MMS 
modeling significance levels are shown in Table 3.5. 
 
3.1.3.2 Class I Areas 

 Many areas of natural beauty protected under the Wilderness Act of 1964 have 
been designated as Prevention of Significant Deterioration Class I areas.  The 1977 
amendments to the Clean Air Act, apply the strict Prevention of Significant Deterioration Class I 
designation to national parks over 6,000 acres and national wilderness areas over 5,000 acres, 
if in existence on August 7, 1977.  These Federally designated areas are to remain "unimpaired" 
for future use and enjoyment as wilderness.  As such, Class I areas have the lowest increment 
of permissible deterioration, which essentially precludes development near these areas.  The 
Breton National Wildlife Area (BNWA) located approximately 113 km (70 mi) east of Chalmette, 
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Table 3.4.  National Ambient Air Quality Standards (NAAQS), Prevention of Significant Deterioration increments, Prevention of 
Significant Deterioration significant emission rates, and modeling significance levels. 

 

National Ambient Air Quality Standards (NAAQS)
a
 

Prevention of 
Significant 

Deterioration 
Increments 

(µg/m
3
) 

Averaging Primary Secondary Class 

Pollutant 

Period (µg/m
3 
) (ppm) (µg/m

3 
) (ppm) 

Form 
(i.e., how standard is applied) I II 

Prevention of 
Significant 

Deterioration 
Significant 
Emission 

Rates
b
 

(tons/year) 

Modeling 
Significance 

Levels 
(µg/m

3
) 

Federal Land 
Manager 
Modeling 

Significance 
Levels 
(µg/m

3
) 

Annual 50
c
 -- 50

c
 -- 

Annual arithmetic mean, averaged 
over 3 years 

4 17 15 1 0.16 
PM

10
 

24-hour 150
c
 -- 150

c
 -- 

99th percentile of concentrations in a 
given year, averaged over 3 years 

8 30 -- 5 0.32 

Annual 15
c
 -- 15

c
 -- 

Annual arithmetic mean from single or 
multiple monitors, averaged over 3 
years 

Prevention of Significant Deterioration Increments and Significant 
Emission Rates have not yet been established for PM

2.5
 

PM
2.5

 

24-hour 65
c
 -- 65

c
 -- 

98th percentile of concentrations in a 
given year, averaged over 3 years 

-- -- -- -- -- 

Annual (80) 0.03 -- -- Annual arithmetic mean 2 20 40 1 0.1 

24-hour (365) 0.14 -- -- 
Not to be exceeded more than once 
per calendar year 

5 91 -- 5 0.2 SO
2
 

3-hour -- -- (1,300) 0.5 
Not to be exceeded more than once 
per calendar year 

25 512 -- 25 1 

NO
2
 Annual (100) 0.053 (100) 0.053 Annual arithmetic mean 2.5 25 40 of NOX 1 0.1 

8-hour (157)
c
 0.08

c
 (157)

c
 0.08

c
 

3-year average of annual 4th highest 
daily maximum 8-hour concentrations 

-- -- -- -- -- 
Ozone 

1-hour (235)
c
 0.12

c
 (235)

c
 0.12

c
 

Not to be exceeded more than 3 times 
in 3 consecutive years 

-- -- 40 of VOC -- -- 

8-hour (10,000) 9 -- -- 
Not to be exceeded more than once 
per calendar year 

-- -- 100 500 -- 
CO 

1-hour (40,000) 35 -- -- 
Not to be exceeded more than once 
per calendar year 

-- -- -- 2,000 -- 

Lead 
Calendar 
Quarter 

1.5 -- 1.5 -- Maximum arithmetic mean -- -- 0.6 -- -- 

a
 NAAQS are expressed in µg/m

3
 for particulate matter (and lead) and in parts per million (ppm) for the other pollutants.  For reference, corresponding equivalent standards are shown in 

parentheses.
 

b
 Lower Significant Emission Rates apply in certain nonattainment areas for nonattainment new source review.  Sources within 10 km of Class I areas can trigger Prevention of Significant 

Deterioration if impacts exceed 1 µg/m
3
 (24-hour average). 

c
 PM2.5 and Ozone 8-Hour Standards are suspended pending litigation.  See 40 CFR Part 50 for information regarding the implementation of the new PM

2.5
 and ozone standards and the 

interim treatment of the existing standards. 
VOC = volatile organic compound. 
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(West Cameron 213)

Figure 3.5.  Nonattainment areas for ground-level ozone and the Breton National Wildlife Area relative to the proposed site.
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Table 3.5.  Significant impact levels for air emissions. 
 

Pollutant Averaging 
Period 

MMS Significant Impact 
Levelsa (µg/m3 ) 

FWS Significant Impact 
Levelsb (µg/m3) 

Nitrogen Dioxide (NO2) Annual 1.0 0.1 

Sulfur Dioxide (SO2) 
Annual 
24-hour 
3-hour 

1.0 
5.0 
25 

0.1 
0.2 
1.0 

Particulates (PM10 or TSP) Annual 
24-hour 

1.0 
5.0 

0.16 
0.32 

Carbon Monoxide (CO) 8-hour 
1-hour 

500 
2,000 

N/A 
N/A 

a  30 CFR Chapter II, MMS, Department of the Interior, Section 250.303(e); 30 CFR Chapter II, MMS, 
Department of the Interior, Section 250.45(e). 

b Update and clarification of Guidance Document For the Review of Offshore Air Pollutant Emissions 
Sources, U.S. Fish and Wildlife Service, September 1997. 

TSP = total suspended particulates. 
MMS = Minerals Management Service. 
FWS = Florida Wildlife Service. 
 
LA, is the nearest Class I area to the project area (Figure 3.6) – a distance of approximately 
434 km (270 mi).  For reference, the locations of all Class I areas (i.e., Wildlife Areas managed 
by the Fish and Wildlife Service and National Parks administered by the National Park Service) 
in the GOM relative to the Gulf Landing LNG regasification terminal are shown in Figure 3.6.  
Under the 1977 amendments of the CAA, other Federal lands such as the Padre Island and 
Gulf Islands National Seashore enjoy less stringent protection as Prevention of Significant 
Deterioration Class II areas.  There are other National Parks located in the GOM that are not 
designated Prevention of Significant Deterioration Class I likely due to their size (e.g., Dry 
Tortugas National Park). 
 
 To satisfy the needs of the MMS to conduct a Prevention of Significant Deterioration 
Class I cumulative impact study to determine if the allowable Prevention of Significant 
Deterioration increment for SO2 and NO2 in BNWA has been consumed, the Offshore Operators 
Committee (OOC) developed the Breton Aerometric Monitoring Program (BAMP).  BAMP 
Phase I consisted of an in-depth study of the air emitting sources within 200 km (124 mi) of the 
BNWA, the climatology of the region for the past 35 yr, and a through review of the air pollution 
models capable of handling the demands of a cumulative increment consumption study.  The 
results of BAMP Phase I were used to design the aerometric (meteorologic and air quality) 
monitoring network deployed in BAMP Phase II.  Work is in progress.  Other MMS-sponsored 
air quality studies are in progress, under development, or planned that will assess that impact of 
offshore development on regional air quality (Shannon, 2000). 
 
3.1.4 Physical Oceanography 

 Two major features govern circulation within the GOM.  These are as follows: 
 

1. The Loop Current, which is the dominant circulation feature in the eastern 
GOM; and 

2. Anticyclonic and cyclonic eddy pairs, influencing the central and western 
portions of the Gulf.   
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 As the Loop Current extends far north into the eastern Gulf, it often becomes 
unstable, and as a result, sheds mesoscale anticyclonic eddies (300 to 400 km [186 to 249 mi] 
in diameter upon formation) an average of one to two times per year.  The anticyclonic eddies 
then travel in a westward direction until they are constrained by shoaling along the continental 
margin.  As the Loop Current eddies age, they also spawn cyclone-anticyclone pairs (80 to 
200 km [50 to 124 mi] in diameter) (Biggs and Muller-Karger, 1994). 
 
 Shelf circulation is complicated because of the large number of forces and the 
seasonality of these driving forces.  Cochrane and Kelly (1986) described the time-averaged 
circulation for the Texas-Louisiana continental shelf and concluded that during most of the year 
(September – June), there appears to be a cyclonic (i.e., rotating counter-clockwise) gyre 
present over the Texas-Louisiana part of the continental shelf in response to prevailing wind 
stress.  During most months, with the exception of July – August, the downcoast flow is 
enhanced by wind.  Since the coastline has a concave orientation, inner shelf currents converge 
with an offshore cross-shelf flow contributing to the southwest portion of a cyclonic circulation 
gyre with upcoast (eastward) flow near the shelf break.  Shoreward, cross-shelf flow over the 
Louisiana shelf west of the Mississippi River mouth closes the cyclonic gyre.  During the 
summer months, when the predominant wind direction is from the south, the wind forcing 
overcomes the downcoast flow, and nearshore water moves upcoast, opposite the flow pattern 
for most of the year.  The non-summer circulation gyre is re-established when the downcoast 
winds are reestablished, generally in August – September.  Shelf break currents are thought to 
be directed upcoast all year.  
 
 The Louisiana-Texas Shelf Physical Oceanography Program (LATEX) study refined 
the understanding of the circulation on the shelf of the northwestern GOM (Nowlin et al., 
1998a,b) by revealing that mean currents were downcoast over the inner shelf and upcoast over 
the outer shelf.  The results of the LATEX study indicated that currents over the inner shelf 
reflect a downcoast flow during non-summer months (September through May) and an upcoast 
flow during summer months.  Over the outer shelf, there is no systematic, general pattern to the 
annual signal although near surface flow during the summer was generally upcoast.  Currents 
over the inner shelf are largely forced by wind stress.  Another study by Cho et al. (1998) 
showed that the correlation between monthly averages of the alongshelf current and alongshelf 
wind stress was positive and highly significant.  Generally, downcoast forcing exists in 
non-summer months while upcoast forcing prevails in summer months.  However, short-term 
(periods of a few days) energetic wind events that altered the direction of alongshelf wind stress 
interrupted the summer/non-summer alongshelf current pattern.   
 
 The discharge plume for the Mississippi-Atchafalaya River is also an important 
feature of inner shelf circulation.  A study performed by Murray (1998) found that during the fall, 
winter, and spring, the plume moved downcoast along the inner shelf.  Off of Louisiana, the 
plume was 50 to 70 km (31 to 44 mi) wide and 10 to 12 m (33 to 39 ft) deep with current speeds 
ranging from 10 to 12 cm/s (0.33 to 0.39 ft/s).  Near Galveston, the plume contracted into a 
narrow, high speed jet within 12 km (8 mi) of the coast.  The coastal jet was approximately 
30 km (19 mi) wide and 14 m (46 ft) deep, with current speeds of up to 60 cm/s (1.97 ft/s).  Off 
south Texas, the coastal jet was drawn offshore by interaction with a cyclone, anticyclone 
(modon) pair.  In contrast, the study revealed that during the summer, upcoast wind stress 
assisted by longshore pressure gradients drives a relict plume eastward.  Summer discharges 
from the Atchafalaya River were trapped very near the coast, and lateral mixing incorporated 
recently discharged plume water into the eastward-moving relict plume. 
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 Vogel (2003) used the Oceanweather GLOW database to compile 5-yr continuous 
wind and wave hindcast data in the vicinity of the proposed Gulf Landing Project.  The hindcast 
data were taken from four points closest to the potential project locations.  Coordinates and 
water depths for the representative GLOW grid points were as follows: 
 

Latitude Longitude Water Depth 
29.06°N 93.56°W 19.3 m 
29.06°N 90.11°W 16.2 m 
30.26°N 88.04°W 7.5 m 
28.45°N 92.87°W 48 m 

 
 Dominant wind direction for all four locations is from the southeast.  Highest wind 
speeds exceeded 21 m/s (69 ft/s) in the site nearest Mobile 863, while highest wind speeds 
were less than 19 m/s (62 ft/s) in the other locations.  Prevailing current directions for the two 
Cameron regions are west-northwest in both the summer and winter seasons with the majority 
of current speeds being below 1 kn.  While current speeds are similar in the vicinity of Mobile 
863 and Grand Isle 20 to those found in the two Cameron regions, current direction in either 
season is variable. 
 
 Temperatures in the northern GOM surface water range from 29°C to 30°C in 
August and from 14°C to 15°C in January.  During January, the depth of the thermocline ranges 
from 91 to 107 m (299 to 351 ft) in the northwestern Gulf.  In contrast, the depth of the 
thermocline is about 46 m (151 ft) throughout the Gulf during May.  In the northern GOM, 
salinities along the coastline are between 29 and 32 ppt during months of low freshwater input.  
During spring and summer months, when freshwater inputs are high, there are commonly strong 
horizontal salinity gradients, and salinities less than 20 ppt can occur on the inner shelf of the 
northern GOM. 
 
 Sharp discontinuities in water density at the sea surface (fronts) occur as the result 
of differences in temperature and/or salinity.  A permanent front occurs about 30 to 50 km (19 to 
31 mi) offshore in association with the Loop Current and its eddies. 
 
3.1.5 Water and Sediment Quality 

 Two aspects of the GOM are the primary influences on the composition of its marine 
waters.  These are the configuration of the basin, which controls the oceanic waters that enter 
and leave the Gulf, and runoff from land masses, which controls the quantity of freshwater input 
into the Gulf.  The GOM receives oceanic water from the Caribbean Sea through the Yucatan 
Channel and freshwater from major continental drainage systems such as the Mississippi River 
system.  The large amount of freshwater runoff mixes into the surface water of the GOM, 
producing a composition on the continental shelf that is different from the open ocean. 
 
 During periods when the amount of freshwater input is low, salinities near the 
coastline of the northern GOM range between 29 to 32 ppt.  During the spring and summer 
months when freshwater inputs into the Gulf are high, there are strong horizontal salinity 
gradients, and salinity values on the inner shelf are less than 20 ppt.  During the summer of 
1993, unusually high freshwater outflows from the Mississippi and Atchafalaya Rivers occurred 
as a result of extreme flooding.  These elevated outflows resulted in increased loadings of 
agricultural chemicals and sediments, as well as lower salinities and increased nutrient loadings 
(Dowgiallo, 1994).  Murray and Donley (1996) reported that the temperature and salinity 
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characteristics of the Mississippi River plume were measurable over a broad area reaching just 
east of Galveston Bay in 1993 and 1994. 
 
 The depth distributions of nutrients and dissolved oxygen in the GOM are similar to 
those of the open ocean.  The dissolved oxygen has a near surface maximum due to exchange 
with the atmosphere and production from photosynthesis, and the concentration decreases with 
depth as decomposition of organic matter depletes the oxygen.  Nutrient profiles typically are 
the opposite of the dissolved oxygen profile.  Their concentration in surface water is very low 
because they are depleted by light-dependent photosynthetic activity in the surface waters.  In 
deeper waters, nutrient concentrations increase as organic matter decomposes, and nutrient 
concentrations are highest in deeper water.  Nutrient supply is higher in nearshore areas, and 
surface concentrations are correspondingly higher than offshore.  Tables 3.6 and 3.7 
summarize hydrographic, nutrient, and chlorophyll data from a series of stations near the project 
area (Figure 3.7).  The data illustrate the general trends in dissolved oxygen and nutrient 
distributions discussed above.  Chlorophyll data in Table 3.7 show higher values in stations 
closer to shore where there would be greater nutrient availability to support primary production. 
 
Table 3.6.  Hydrographic and nutrient data from oceanographic stations near the Gulf Landing 

Project area (From: National Climatic Data Center, 1996b). 
 

Station Depth 
(m) 

Salinity 
(ppt) 

Temp. 
(°C) 

Oxygen 
(ml/l) 

Nitrate
(µmol/l)

Nitrite 
(µmol/l)

Ammonium
(µmol/l) 

Urea 
(µmol/l) 

Phosphate
(µmol/l) 

Silicate
(µmol/l)

1 0 29.0215 19.8 5.50 0.02 0.05 0.22 0.23 0.11 14.01 

1 6 30.2585 20.7 5.21 0.12 0.10 0.67 0.42 0.14 12.48 

1 12 30.8354 18.6 5.05 0.14 0.13 0.86 0.49 0.15 11.69 

2 0 33.4902 19.2 5.45 0.12 0.02 0.03 0.30 0.05 1.48 

2 7 33.5856 19.2 5.42 0.17 0.01 0.02 0.28 0.03 1.37 

2 15 33.6015 19.0 5.44 0.17 0.01 0.02 0.09 0.04 1.38 

3 0 30.7835 19.4 5.50 0.12 0.02 0.08 0.20 0.03 13.87 

3 9 34.2906 19.3 4.67 0.19 0.24 0.54 0.26 0.10 6.99 

3 20 34.8817 19.2 4.57 0.05 0.20 0.71 0.43 0.11 6.07 

4 3 30.9607 19.8 5.40 0.24 0.01 0.02 0.37 0.03 14.56 

4 9 32.2202 19.6 5.12 0.41 0.02 0.00 0.35 0.01 11.32 

4 17 35.0232 19.6 3.52 0.88 0.60 0.01 0.37 0.08 12.42 

Data from: R/V Gyre Cruise 92G-04; Cruise Sponsor: Texas A&M University (TAMU); Chief Scientist: 
G. Rowe (TAMU); days at sea: 04/01/92 - 04/10/92. 
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Table 3.7.  Hydrographic, nutrient, and chlorophyll data from oceanographic stations near the Gulf Landing liquefied natural gas 
regasification terminal area (From: National Climatic Data Center, 1996b). 

 

Station 
Depth 

(m) 
Salinity 

(ppt) 
Temp. 
(°C) 

Oxygen 
(ml/l) 

Nitrate 
(µmol/l) 

Nitrite 
(µmol/l) 

Ammonium 
(µmol/l) 

Urea 
(µmol/l) 

Phosphate
(µmol/l) 

Silicate 
(µmol/l) 

Chlorophyll
(µg/l) 

Phaeophytin
(µg/l) 

6 2 36.12 27.50 4.64 0.10 0.01 0.2 0.3 0.04 0.9 0.09 0.02 

6 11 36.13 27.51 4.66 0.10 0.01 0.1 0.1 0.03 0.8 0.08 0.02 

6 22 36.13 27.50 4.56 0.00 0.01 0.1 0.1 0.03 0.7 0.08 0.03 

6 31 36.20 27.51 4.65 0.10 0.01 0.2 0.6 0.07 0.7 0.11 0.02 

6 52 36.26 27.54 4.62 0.10 0.01 0.1 0.1 0.03 0.5 0.11 0.03 

6 76 36.37 22.26 4.62 0.50 0.14 0.1 0.3 2.62 0.5 0.21 0.23 

6 103 36.34 19.57 3.30 8.10 0.04 0.0 0.1 0.47 3.0 0.06 0.11 

6 126 36.37 19.12 3.22 9.70 0.04 0.0 0.1 0.52 2.9 0.05 0.07 

6 150 36.41 18.44 3.08 11.60 0.02 0.0 0.1 0.62 3.3 0.04 0.05 

6 189 36.25 16.83 3.11 14.00 0.02 0.0 0.0 0.78 3.6 0.09 0.16 

7 2 35.59 27.07 4.60 0.10 0.00 0.0 0.1 0.03 0.9 No Data No Data 

7 12 35.59 27.08 4.62 0.10 0.00 0.0 0.1 0.02 0.9 0.09 0.02 

7 20 35.67 27.11 4.60 0.10 0.00 0.0 0.1 0.02 1.0 0.11 0.01 

7 33 35.88 27.01 4.63 0.10 0.00 0.1 0.4 0.03 1.1 0.14 0.02 

7 50 35.97 23.88 3.67 1.90 0.61 0.1 0.2 0.24 5.8 0.76 0.31 

8 2 33.11 25.99 4.59 0.60 0.53 0.4 0.2 0.27 4.1 0.73 0.80 

8 10 33.14 25.99 4.57 0.60 0.51 0.4 0.5 0.26 4.1 0.89 0.11 

8 18 33.56 26.43 4.60 0.30 0.26 0.1 0.1 0.18 3.3 0.77 0.07 

9 2 28.48 24.23 5.61 0.00 0.02 0.1 0.1 0.26 3.7 1.15 0.22 

9 8 29.38 24.53 5.33 0.00 0.05 0.2 0.4 0.28 2.9 1.21 2.00 

10 2 30.65 25.19 4.64 0.70 1.70 1.3 0.4 0.39 5.6 0.68 0.16 

10 11 30.71 25.28 4.65 0.70 1.65 1.2 0.4 0.37 5.4 0.64 0.13 

10 15 30.80 25.36 4.59 0.70 1.53 1.1 0.4 0.37 5.1 0.63 0.13 

11 1 34.15 26.37 4.34 1.20 0.97 0.3 0.7 0.28 4.5 0.31 0.07 

11 11 34.19 26.32 4.34 1.00 0.94 0.2 0.4 0.28 4.2 0.29 0.11 

11 19 34.26 26.30 4.32 0.80 0.76 0.2 0.5 0.28 3.5 0.29 0.09 

11 30 34.30 26.28 4.49 0.70 0.64 0.2 0.1 0.25 3.1 0.31 0.12 

12 2 35.06 26.96 4.61 0.20 0.02 0.1 0.2 0.10 0.8 0.13 0.01 

12 11 35.20 26.91 4.65 0.10 0.01 0.1 0.1 0.11 0.6 0.14 0.03 

12 22 35.23 26.87 4.62 0.10 0.01 0.2 0.4 0.07 0.7 0.19 No Data 

12 30 35.36 26.52 4.07 1.80 0.04 0.1 0.1 0.19 3.9 0.20 0.11 

12 50 35.522 23.737 3.235 4.90 0.05 0.2 0.1 0.37 8.5 0.18 0.04 

Data from: R/V Gyre Cruise 92G-04; Cruise Sponsor: Texas A&M University (TAMU); Chief Scientist: L. Cifuentes (TAMU); days at sea: 10/02/92 - 10/06/92. 
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Figure 3.7.  Hydrographic profile and water sample locations.
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 Hypoxic waters (oxygen concentration <2 mg/L) have been identified in a large area 
of the northern GOM near the mouth of the Mississippi River, at times reaching up to 
16,500 km2 (6,370.7 mi2) of bottom waters on the inner continental shelf from the 
Mississippi River delta to as far south as Freeport, TX (Murray and Donley, 1996).  An example 
of the extent of hypoxia in bottom waters of the northwestern GOM relative to the project site is 
presented in Figure 3.8.  Hypoxic conditions can be responsible for massive die-offs of benthic 
biota that are unable to move from areas where oxygen is depleted.  Hypoxic conditions in the 
GOM vary spatially and seasonally.  Conditions depend on the flow of the Mississippi River 
discharge and are affected by water circulation patterns, saltwater and freshwater stratification, 
wind mixing, tropical storms, and thermal fronts (Meier, 1996).  Hypoxic conditions have been 
identified off the Mississippi River as early as February and as late as October.  In the 1980’s 
and early 1990’s, the causes of the hypoxic zone were not definitively known, but high summer 
temperatures combined with freshwater runoff carrying large amounts of excess nutrients from 
the Mississippi River were suspected to be involved (Rabalais, 1992).  The midsummer extent 
of the hypoxic zone has more than doubled since it was first systematically mapped in 1985 
(Rabalais et al., 1999).  The largest hypoxic zone measured to date occurred in the summer of 
1999, when its size was reported to be 20,000 km2 (7,722 mi2 ), or about the size of the State of 
New Jersey (Rabalais et al., 1999).  One of the smallest sizes measured to date occurred in the 
summer of 2000, following drought conditions in the basin, when the area of the hypoxic zone 
was about 4,400 km2 (1,699 mi2) (Rabalais et al., 2000). 
 
 The presence of a nepheloid layer is a common phenomenon in the Gulf, 
particularly on the shelf.  This phenomenon is a near-bottom layer of turbid water that has 
greatly elevated levels of suspended material (i.e., >1 ppm).  This layer is separated from the 
overlying water by a sharp discontinuity in suspended particulate matter.  Nepheloid layers 
appear to occur naturally at nearly all locations on the shelf and upper slope environment, 
except within the upper portions of significant topographic highs (Brooks et al., 1981), and they 
may be associated with resuspension of sediments by bottom currents, internal waves, intense 
at-depth biological activity, or a complex combination of these factors.  Nepheloid layers may 
contribute to the transport of materials, including contaminants, from nearshore to offshore. 
 
 Kennicutt and Brooks (1988) summarized the information on elevated levels of 
organic compounds of environmental concern that have been measured in northern GOM 
offshore waters.  Volatile organic compounds are generally more abundant in coastal and 
nearshore waters and generally decreased with distance from shore.  Chlorinated volatile 
organic compounds were generally restricted to nearshore waters; petroleum-related volatile 
organic compounds occur offshore.  High-molecular-weight hydrocarbons are associated with 
biological production, natural seepage, offshore petroleum production, shipping activities, 
coastal and riverine run-off, and atmospheric exchange and fallout, and the highest levels occur 
near point sources in coastal environments and near natural seeps.  Large areas off of Florida 
and southern Texas are relatively pristine, but areas off northern Texas, Louisiana, and 
Alabama show detectable levels of petroleum hydrocarbons, likely from natural seepage.  
Organochlorine residues occur in many marine species, and higher concentrations of pollutants 
generally were found in organisms from the Mississippi delta than in offshore biota (Kennicutt 
and Brooks, 1988). 
 
 Primary activities that have contributed or are still contributing to the degradation of 
coastal water conditions along the Gulf coast include the petrochemical industry; agricultural; 
power plants; pulp and paper mills; fish processing; municipal wastewater treatment; maritime 
shipping; and dredging.  The petrochemical industry along the Gulf coast is the largest in the 
U.S.  This industry includes extensive onshore and offshore oil and gas development  
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operations, tanker and barge transport of both imported and domestic petroleum into the Gulf 
region, and petrochemical refining and manufacturing operations. 
 
 There are more than 3,700 point sources of contamination flowing into the GOM 
(Weber et al., 1992).  These point sources contribute contaminants through discharges and 
accidental releases, and about 460 of these point source inputs discharge directly into the 
waters of the Gulf or its estuaries.  This includes 113 municipalities that discharge more than 
3.8 billion L (more than a billion gallons) per day of sewage effluent into Gulf coastal waters 
(Weber et al., 1992).  Industrial sources number 192 in Texas, 79 in Louisiana, 30 in 
Mississippi, 29 in Alabama, and 17 in Florida.  Most of these industry point sources are 
petroleum refineries and petrochemical plants. 
 
 Because 4 of the 10 busiest ports in the U.S. (New Orleans, Houston, Corpus 
Christi, and Tampa) are located on the Gulf coast, vessel traffic is another major point source of 
contamination to Gulf waters.  Vessel-associated contamination includes bilge and waste 
discharges, spills, and leaching of tributyltin from ship hulls.  Marine transportation and shipping 
support industries are another source of contamination. 
 
 Non-point sources are difficult to regulate and currently have the greatest impact on 
GOM coastal water quality.  Non-point pollutant sources include agriculture, forestry, urban 
runoff, marinas, recreational boating, and atmospheric deposition.  Waterways draining into the 
GOM transport wastes from 75% of U.S. farms and ranches, 80% of U.S. cropland, hundreds of 
cities, and thousands of industries located upstream of the GOM coastal zone.  Major drainages 
into the GOM are shown in Figure 3.8.  Urban and agricultural runoff contributes large 
quantities of pesticides, nutrients, and fecal coliform bacteria.  Based on estimates of the 
Nutrient Enrichment Subcommittee of the GOM Program, about 172 MTs of phosphorus and 
about 848 MTs of nutrient nitrogen are discharged daily into the GOM, with 90% of these 
discharges originating from the Mississippi River system (Lovejoy, 1992).   
 
3.2 BIOLOGICAL ENVIRONMENT 

3.2.1 Fish and Fishery Resources 

3.2.1.1 Fish and Shellfish 

 The continental shelf surrounding the Gulf Landing Project area supports a varied 
and abundant fish fauna.  Distinctive fish assemblages can be recognized within broad habitat 
classes for continental shelf waters as follows: soft bottom fishes, hard bottom fishes, and 
coastal pelagic fishes.  Further segregation of these basic assemblages can be made across 
the shelf (nearshore, mid-shelf, and outer shelf) and are used for sake of description but should 
not be construed as subdivisions with real boundaries. 
 
3.2.1.1.1 Soft Bottom Fishes 

 The soft bottom or demersal fish fauna of the GOM consists of small to medium 
sized fishes that closely associate with the substrate, and extends from the surf zone out to the 
shelf break.  At the shallowest depths, a nearshore assemblage can be delineated.  Beyond the 
nearshore zone and over the open shelf, the abundance and diversity of soft bottom fishes are 
highest.  From the Rio Grande to the Mississippi River, a total of 62 families represented by 
200 fish taxa are known (Darnell et al., 1983).  Families commonly occurring on soft bottoms of 
the shelf include croakers, porgies, grunts, goatfishes, lefteye flounders, tonguefishes, and 
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searobins.  Atlantic croaker (Micropogonias undulatus), longspine porgy (Stenotomus caprinus), 
white seatrout (Cynoscion nothus), blackwing searobin (Prionotus rubio), and shoal flounder 
(Syacium gunteri) are the most abundant species (Darnell et al., 1983).  Abundance of these 
and other soft bottom species varies seasonally and spatially in species-specific fashion.  As 
with the common shrimp species of the Gulf, soft bottom fishes generally prefer certain types of 
sediments over others.  This fact led to the naming of two primary fish assemblages by the 
dominant shrimp species found in the same sediment/depth regime (Chittenden and 
McEachran, 1976).  These assemblages are as follows: 
 

• Brown shrimp assemblage (coarse sediments, 22 to 91 m [72 to 299 ft]); and 
• White shrimp assemblage (fine sediments, 3.5 to 22 m [11.5 to 72 ft]). 

 
 Longspine porgy, leopard searobin, horned searobin, and dwarf goatfish 
characterize the brown shrimp assemblage.  Most of these species spend their entire life cycle 
in marine waters.  The white shrimp assemblage consists of species such as Atlantic croaker, 
star drum, Atlantic cutlassfish, sand seatrout, and silver seatrout, Atlantic threadfin, and 
hardhead catfish.  Most of these species spawn in shelf waters and spend their early life stages 
in estuarine waters.  Because of its location, the Gulf Landing Project area encompasses both 
of these assemblages.  
 
 The Mississippi and Atchafalaya Rivers greatly influence the distribution of white 
shrimp habitat and its associated fauna.  Thus the most extensive white shrimp habitat is 
offshore of Louisiana and eastern Texas.  The project area lies within the western extent of the 
white shrimp habitat. 
 
3.2.1.1.2 Hard Bottom Fishes 

 Another important habitat for fishes on the continental shelf is hard bottom.  The 
term hard bottom generally refers to exposed rock but can refer to other substrata such as coral 
and clay, or even artificial structures.  Hard bottom features occur on the Texas-Louisiana shelf, 
and the south Texas shelf.  Colonized by stony corals, sea whips, sponges, tunicates, and 
algae, these features provide shelter, food, and spawning sites for fishes.  Fishes found over 
hard bottom habitats in middle (10 to 25 m [33 to 82 ft]) and outer (25 to 50 m [82 to 164 ft]) 
shelf waters include reef and coastal pelagic forms.  Reef fishes such as snappers, groupers, 
grunts, porgies, squirrelfishes, angelfishes, damselfishes, butterflyfishes, surgeonfishes, 
parrotfishes, and wrasses inhabit hard bottom habitats in the GOM (Dennis and Bright, 1988). 
 
 Some species use the hard bottom habitat as adults and juveniles, where as others 
undergo ontogenetic migrations from adjacent habitats such as seagrass meadows and soft 
bottom areas.  Some species such as gag grouper aggregate to spawn on hard bottom sites 
that may be used by the population for many generations (GOM Fishery Management Council 
[GMFMC], 1998).  Other species deposit demersal eggs on the substrate, whereas other 
species shed eggs and sperm into the water column where they are fertilized and then 
transported to other areas often many kilometers from the spawning site. 
 
 Artificial hard bottom, including sunken vessels, oil and gas platforms, and other 
debris, represents 1.3% of all hard bottom in the GOM (GMFMC, 1998).  Nevertheless, these 
structures support abundant fish populations in the shelf waters of all Gulf coast states 
(GMFMC, 1998).  Fishes associated with artificial hard bottom include reef species such as 
those mentioned above and coastal pelagic species mentioned below.  Hard bottom fishes are 
expected to associate with the structures composing the Gulf Landing facility. 



Deepwater Port License Application Gulf Landing LLC 

October 2003 3-28 Environmental Review 

 
3.2.1.1.3 Coastal Pelagic Fishes 

 Some coastal pelagic species are found in the nearshore environment along sandy 
beaches from the shoreline to the swash zone (Reid, 1956; McFarland, 1963; Ross, 1983; 
USDOI, MMS, 1999).  This habitat occurs along the seaward shore of barrier islands off all Gulf 
coast states.  Commonly occurring species in the project area include scaled sardine, striped 
mullet, hardhead catfish, Florida pompano, and various anchovies.  Nearshore fish 
assemblages show considerable seasonal structuring in the northern GOM.  The lowest 
abundance of all species occurs in winter, with peak numbers found during summer and fall.  
Larger predatory species (particularly bluefish, blue runner, jack crevalle, sharks, and Spanish 
mackerel) may be attracted to large concentrations of anchovies, herrings, and silversides, that 
congregate in nearshore areas. 
 
 The major coastal pelagic families occurring in shelf waters are requiem sharks, 
ladyfish, anchovies, herrings, mackerels, jacks, mullets, bluefish, and cobia.  Coastal pelagic 
species traverse shelf waters of the region throughout the year.  Some species form large 
schools (e.g., Spanish mackerel), while others travel singly or in smaller groups (e.g., cobia).  
The distribution of most species depends upon water column structure, which varies spatially 
and seasonally. 
 
 King mackerel exist in two populations in the GOM, an eastern group and a western 
group.  The eastern population migrates from near the Mississippi Delta eastward, then 
southward around the Florida peninsula, wintering off southeastern Florida (Sutter et al., 1991).  
The western population travels to waters off the Yucatan Peninsula during winter.  In summer, 
both populations migrate to the northern GOM, where they intermix to an unknown extent 
(Johnson et al., 1994).  Spanish mackerel, cobia, bluefish, crevalle jack, and coastal sharks 
(Carcharhinus spp.) are migratory, but their routes have not been studied. 
 
3.2.1.1.4 Endangered and Threatened Fish Species 
 

The endangered status of the smalltooth sawfish (Pristis pectinata) was finalized on 
1 May 2003 (50 CFR Part 224).  Critical habitat has not been defined, and data are being 
collected on the life history and biology of this species.  The information on biology and 
distribution provided below was obtained from NMFS (2000).  
 

The smalltooth sawfish is distributed in tropical and subtropical waters worldwide.  
Within U.S. waters it was historically distributed throughout the GOM and along the Atlantic 
coast to North Carolina.  This species has become rare in the northern GOM during the past 
30 years, and its known range is now reduced to the coastal waters of Everglades National Park 
in extreme southern Florida.  Fishing and habitat degradation have extirpated the smalltooth 
sawfish from much of its former range.   
 

The smalltooth sawfish normally inhabits shallow waters (10 m [32.8 ft] or less), 
often near river mouths or in estuarine lagoons over sandy or muddy substrates, but may also 
occur in deeper waters (20 m [65.6 ft]) of the continental shelf.   Shallow water less than 1 m 
(3.3 ft) appears to be important nursery area for young smalltooth sawfish.  Smalltooth sawfish 
grow slowly and mature at about 10 years of age.  Females bear live young, and the litters 
reportedly range from 15 to 20 embryos requiring a year of gestation.   
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The diet of the smalltooth sawfish consists of macroinvertebrates and fishes such as 
herrings and mullets.  The saw is reportedly used to rake surficial sediments in search of 
crustaceans and benthic fishes, or to slash through schools of herrings and mullets.   
 
 The Gulf Landing project, located in relatively deepwater (17 m [56 ft]) is outside the 
normal habitat for the smalltooth sawfish.  It is unlikely that the small footprint (4.47 ha 
[11.05 acres]) of the Gulf Landing terminal will have any impact on this species. 
 
3.2.1.2 Ichthyoplankton 

 Ichthyoplankton consists of the planktonic egg and larval stages of fishes.  These 
early life stages generally drift with prevailing currents, but more advanced stages are capable 
of considerable movement (Leis and McCormick, 2002).  Nevertheless, ichthyoplankton 
distribution is greatly influenced by mesoscale hydrographic features such as eddies, fronts, and 
rings.  In the eastern GOM, the Loop Current boundary is recognized as an important area of 
spawning and larval fish aggregation for many species (Richards et al., 1989; Richards et al., 
1993; Lamkin, 1997).  Another area where ichthyoplankton aggregate is the frontal zone of the 
Mississippi River discharge plume (Govoni et al., 1989; Grimes and Finucane, 1991; Govoni 
and Grimes, 1992; USDOI, MMS, 1999).  Hydrodynamic convergence and the continually 
reforming turbidity fronts associated with the discharge plume probably accounted for the 
concentration of larval fishes at the front.  These investigators suggested that frontal waters 
provide feeding and growth opportunities for larvae.  Lefteye flounders (bothids), jacks 
(carangids), anchovies (engraulids), flying fishes and halfbeaks (exocoetids), gobies (gobiids), 
drums and seatrouts (sciaenids), mackerels and tunas (scombrids), lizard fishes (synodontids), 
and pufferfishes (tetraodontids) were the 10 most frequently caught taxa in the plume/shelf 
samples off the Mississippi River Delta (Grimes and Finucane, 1991).   
 
 Field surveys reveal that ichthyoplankton form cross-shelf assemblages (inner, 
mid-, and outer shelf) similar to those observed in adult fishes (Ditty et al., 1988; Shaw et al., 
2002).  Ditty et al. (1988) summarized information from over 80 ichthyoplankton studies from the 
northern GOM (north of 26°N) and reported 200 coastal and oceanic fishes from 61 families.  
Many taxa were only collected over waters within certain depth ranges.  Species found 
exclusively in water depths shallower than 25 m (82 ft) were mostly inshore demersal species 
such as Atlantic bumper (Chloroscombrus chrysurus), spotted seatrout (Cynoscion nebulosus), 
pigfish (Orthopristis chrysoptera), and black drum (Pogonias cromis).  Shaw et al. (2002) 
reported that sciaenids, synodontids, and other coastal taxa composed the inner shelf 
assemblage.  Mid-shelf collections yielded synodontids, blenniids (combtooth blennies), and 
antenna codlet Bregmaceros contori.  At depths <100 m (<328 ft), several clupeids (Brevoortia 
patronus, Opisthonema oglinum, and Sardinella aurita), several serranids (Centropristis striata, 
Diplectrum formosum, and Serraniculus pumilio), Atlantic croaker, and spot were most common 
in collections summarized by Ditty et al. (1988).  In outer shelf waters, the assemblage was 
characterized by high densities of carangids, scombrids, and mesopelagic taxa.  
 
 The temporal occurrence of individual species in ichthyoplankton samples reflects 
the spawning times of adults.  In the northern GOM, spawning activity can be broadly classified 
into cold water and warm water periods that parallel the seasons (Barry A. Vittor and 
Associates, Inc., 1985).   
 
 Species such as Atlantic croaker (Micropogonias undulatus), spot (Leiostomus 
xanthurus), and Gulf menhaden (Brevoortia patronus) migrate to the outer shelf during winter 
months to spawn.  Consequently, larvae of these species are often numerically dominant during 
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winter months.  Larvae of speciose families such as anchovies (Anchoa spp.), searobins 
(Prionotus spp.), tonguefishes (Symphurus spp.), and pufferfishes (Sphoeroides spp.) were 
collected during all months. 
 
 Recent research indicates that some species and early life stages concentrate 
within the structure afforded by offshore oil and gas platforms in the northern GOM.  Shaw et al. 
(2002) found that waters within oil and gas platforms had higher abundance and diversity of 
postlarval and juvenile fishes than waters immediately downcurrent of the platform.  Herrings 
(clupeids), anchovies, and lizardfishes (synodontids) were found in higher abundance within 
platforms than off-platform.  Predatory species such as jacks and mackerels were collected 
mostly downstream of study platforms.  During warmer months, reef fish taxa, including blennies 
and damselfishes (pomacentrids), were collected in high numbers within platforms.  Grouper 
and streamer bass (serranids) larvae were collected from around platforms during spring and 
fall.  The reason for the concentration of larval and early juvenile fishes around platforms is 
unknown, but possible reasons include increased feeding opportunities and refuge from 
predation (Shaw et al., 2002).  Feeding opportunities were thought to arise in part because 
platform lights attract and concentrate crustacean and other zooplankton prey around the 
structure (Shaw et al., 2002).  
 
3.2.1.3 Essential Fish Habitat (EFH) 

 The Magnuson-Stevens Fishery Conservation and Management Act 
(16 USC § 1801-1882) established regional Fishery Management Councils and mandated that 
Fishery Management Plans (FMPs) be developed to responsibly manage exploited fish and 
invertebrate species in Federal waters of the United States.  When Congress reauthorized this 
act in 1996 as the Sustainable Fisheries Act, several reforms and changes were made.  One 
change was to charge the National Marine Fisheries Service (NMFS) with designating and 
conserving EFH for species managed under existing FMPs.  This is intended to minimize, to the 
extent practicable, any adverse effects on habitat caused by fishing or non-fishing activities, and 
to identify other actions to encourage the conservation and enhancement of such habitat. 
 
 EFH is defined as "those waters and substrate necessary to fish for spawning, 
breeding, feeding or growth to maturity" (16 USC § 1801[10]).  The EFH final rule summarizing 
EFH regulations (62 FR 66531-66559) outlines additional interpretation of the EFH definition.  
Waters, as defined previously, include “aquatic areas and their associated physical, chemical, 
and biological properties that are used by fish, and may include aquatic areas historically used 
by fish where appropriate."  Substrate includes "sediment, hard bottom, structures underlying 
the waters, and associated biological communities."  Necessary is defined as "the habitat 
required to support a sustainable fishery and the managed species' contribution to a healthy 
ecosystem."  Fish includes "finfish, mollusks, crustaceans, and all other forms of marine animal 
and plant life other than marine mammals and birds," whereas "spawning, breeding, feeding or 
growth to maturity" cover the complete life cycle of those species of interest. 
 
 Most fishery species in the GOM are managed by the GMFMC.  This council has 
prepared FMPs for corals and coral reefs, shrimp, stone crab, spiny lobster, reef fishes, coastal 
pelagic fishes, and red drum.  All of these FMPs were amended to address EFH for the 
managed species (GMFMC, 1998).  This addendum provides maps and tabular information on 
the geographical distribution of various life stages of the managed species.  Another group of 
exploited species, the highly migratory pelagic fishes, is managed by NMFS Highly Migratory 
Species Management Division (HMS), Office of Sustainable Fisheries.  The HMS Management 
Division recently prepared an FMP (NMFS, 1999) for Atlantic tunas, swordfish, and sharks that 
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inhabit a broad geographic region that encompasses the GOM.  This document also addressed 
EFH for the managed highly migratory species. 
 
 These two documents were consulted to gather information on EFH for the Federal 
waters of the Gulf Landing Project area.  Tables were prepared listing those species and life 
stages with EFH within the GOM Federal waters.  For each species, the tables also indicate 
whether the habitat for the appropriate life stage is pelagic (oceanic or coastal) or benthic (soft 
bottom or hard bottom).  In some cases such as corals and some sharks and reef fishes, there 
was insufficient information available to accurately describe EFH. 
 
 Table 3.8 presents invertebrate and reef fish species managed by the GMFMC for 
which EFH has been identified within the Gulf Landing Project area.  The shrimps are found 
over soft, sedimentary bottom throughout the area with brown and white shrimp accounting for 
most of the abundance.  Stone crabs occur in the area but not in commercially exploitable 
quantities.  The larvae of all of these species inhabit the water column of the Gulf Landing 
Project area.  Reef fishes including snappers, groupers, triggerfish, tilefish, and jacks occur 
around artificial and natural hard bottom.  Eggs and larvae of these fishes are water column 
dwellers; and the juveniles of some species such as red snapper use soft bottom habitats early 
in their lives.  The number of reef fishes presented here is limited to those species for which 
data were available.  There are 73 species included in the reef fish management unit. 
 
 Table 3.9 presents EFH information for managed coastal pelagic species and red 
drum.  Coastal pelagic fishes migrate through the area and despite their pelagic life modes, 
most of these species have an affinity for natural and artificial structures.  Red drum generally 
occur in coastal and inshore waters, tidal passes, oyster reefs, and seagrass meadows.  Adult 
red drum move into shelf waters to spawn, and large individuals will associate with artificial 
structures including oil and gas platforms. 
 
 Table 3.10 gives EFH for tunas and sharks managed by NMFS under the HMS 
program.  As with coastal pelagic fishes, the HMS species may periodically traverse the project 
area; however, most members of this group normally occur in deeper waters offshore of the Gulf 
Landing Project area. 
 
3.2.1.4 Gulf Sturgeon 

 The Gulf sturgeon (Acipenser oxyrinchus desotoi) is a subspecies of the Atlantic 
sturgeon (Acipenser oxyrinchus).  The disjunct distribution of the Atlantic sturgeon is due to 
zoogeographic and life-history patterns.  Sturgeons require freshwater rivers for spawning and 
because there are no adequate riverine habitats in southern Florida, this portion of the 
peninsula acts as a barrier to interchange between the Atlantic and GOM stocks (Bowen and 
Avise, 1990). 
 
 The Gulf sturgeon is anadromous, migrating from the sea upstream into coastal 
rivers to spawn in fresh water.  Historically it ranged from the Mississippi River to Charlotte 
Harbor, Florida.  Today this range has contracted to rivers and inner shelf waters from the 
Mississippi River eastward to the Suwannee River, Florida.  Populations have been depleted or 
even extirpated throughout this range by fishing, shoreline development, dam construction, and 
other factors.  These declines prompted the U.S. Fish and Wildlife Service (USFWS) and the 
National Marine Fisheries Service (NMFS) to list the Gulf sturgeon as threatened in 1991.  
Subsequently, a recovery plan was developed to ensure the preservation and protection of Gulf  
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Table 3.8.  Managed species for which Essential Fish Habitat has been identified in the Gulf 
Landing liquefied natural gas regasification terminal area (From: Gulf of Mexico 
Fishery Management Council, 1998). 

 

Species Life Stages  
(Reproductive Activity) Habitat 

INVERTEBRATES 

Brown shrimp (Penaeus aztecus) Adults; 
larvae Soft bottom; pelagic 

White shrimp (Penaeus setiferus) Adults; 
larvae Soft bottom; pelagic 

Pink shrimp (Penaeus duorarum) Adults; 
larvae Soft bottom; pelagic 

Stone crab (Menippe spp.) Adults; 
larvae Soft bottom; pelagic 

REEF FISH  

Red grouper (Epinephelus morio) Adults and juveniles; 
eggs and larvae Hard bottom; pelagic

Gag (Mycteroperca microlepis) Adults and juveniles; 
eggs and larvae Hard bottom; pelagic

Scamp (Mycteroperca phenax) Adults and juveniles; 
eggs and larvae Hard bottom; pelagic

Red snapper (Lutjanus campechanus) Adults; juveniles; 
eggs and larvae 

Hard bottom; Soft 
bottom pelagic 

Lane snapper  (Lutjanus synagris) Adults and juveniles; 
eggs and larvae Hard bottom; pelagic

Gray snapper (Lutjanus griseus) Adults and juveniles; 
eggs and larvae Hard bottom; pelagic

Tilefish (Lopholatilus chamaeleonticeps) Adults and juveniles; 
eggs and larvae Soft bottom; pelagic 

Greater amberjack (Seriola dumerili) Adults and juveniles; 
eggs and larvae Hard bottom; pelagic

Lesser amberjack (Seriola fasciata) Adults and juveniles; 
eggs and larvae Hard bottom; pelagic

Gray triggerfish (Balistes capriscus) Adults; eggs, 
larvae, and juveniles Hard bottom; pelagic
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Table 3.9.  Managed species (red drum and coastal pelagic fishes) for which Essential Fish 
Habitat has been identified in the Gulf Landing Project area (From: Gulf of Mexico 
Fishery Management Council, 1998). 

 

Species Life Stages  
(Reproductive Activity) Habitat 

Coastal Pelagic Fishes 

Cobia (Rachycentron canadum) Adults; juveniles/subadults; 
larvae and eggs  Pelagic 

King mackerel (Scomberomorus cavalla) 
Adults; juveniles/subadults; 
larvae and eggs  
(spawning area) 

Pelagic 

Spanish mackerel (Scomberomorus 
maculatus) 

Adults; juveniles/subadults; 
larvae and eggs  
(spawning area) 

Pelagic 

Dolphin (Coryphaena hippurus) 
Adults; juveniles/subadults; 
larvae and eggs  
(spawning area) 

Pelagic 

Red Drum 

Red drum (Sciaenops ocellatus) Adults; larvae and eggs  
(spawning area) 

Soft bottom; 
pelagic 

 
 
 
Table 3.10.  Managed highly migratory species for which Essential Fish Habitat has been 

identified in the Gulf Landing Project area (From: National Marine Fisheries 
Service, 1999). 

 

Species Life Stages  
(Reproductive Activity) Habitat 

Tuna 

Bluefin tuna (Thunnus thynnus) Adults; larvae and eggs  
(spawning area) Pelagic 

Sharks 

Bull shark (Carcharhinus leucas) Adults; late juvenile/subadult; 
neonates/early juveniles Pelagic 

Blacktip shark (Carcharhinus limbatus) Late juveniles/subadults Pelagic 

Bonnethead (Sphyrna tiburo) Adults; late juvenile/subadult; 
neonates/early juveniles Pelagic 

Atlantic sharpnose shark  
(Rhizoprionodon terraenovae) 

Adults; late juvenile/subadult; 
neonates/early juveniles Pelagic 
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sturgeon spawning habitat (USFWS and Gulf States Marine Fisheries Commission, 1995).  The 
best known populations occur in the Apalachicola and Suwannee Rivers in Florida (Carr, 1996; 
Sulak and Clugston, 1998; Zehfuss et al., 1999), the Choctawhatchee in Alabama (Fox et al., 
2000) and the Pearl in Mississippi/Louisiana (Morrow et al., 1998).  The largest existing 
population is thought to be in Florida's Suwannee River (Gilbert, 1992).  Genetic studies show 
that the populations among different rivers are fairly distinct and that the Gulf sturgeon may be 
river-specific (Stabile et al., 1996). 
 
 Most of the relevant ecological information on Gulf sturgeon comes from studies 
conducted on the Suwannee River population.  Spawning occurs from March to May with a 
peak in April (Huff, 1975; Sulak and Clugston, 1998; Fox et al., 2000).  Females lay large 
numbers of eggs (>3 million) in freshwater reaches of rivers, usually in deep areas or holes with 
hard bottom and where some current is present (Sulak and Clugston, 1998; Fox et al., 2000).  
Eggs are adhesive and will attach to rocks, vegetation, or other objects.  These eggs hatch in 
about 1 wk depending upon temperature of the water.  The young fish remain in freshwater 
reaches of the rivers for about 2 yr and then begin to migrate downstream to feed in estuarine 
and marine waters.  The adults spend March through October of the year in the rivers and 
November through February in estuarine or shelf waters.  Upstream and downstream migrations 
appear to be triggered by changes in water temperature.  While in the riverine environment, the 
young feed upon larger planktonic organisms (crustaceans and insect larvae), and adults feed 
on clams and snails.  Near the river mouths and on the inner continental shelf, adults continue 
to feed upon clams and snails but include other items such as crabs, shrimps, worms, 
brachiopods, amphipods, isopods, and small fishes (Gilbert, 1992).  The Gulf sturgeon grows to 
240 cm (94.5 in.) in length and can attain an age of 42 yr.  Females reach sexual maturity 
between 8 and 17 yr, whereas males reach sexually maturity between 7 and 21 yr (Huff, 1975).  
These life history attributes, particularly slow growth and late age of maturity, contribute to the 
Gulf sturgeon's vulnerability. 
 
3.2.2 Marine Mammals 

 Twenty-nine species of marine mammals are known to occur in the GOM, as 
detailed in Table 3.11 (Davis et al., 2000).  The Gulf’s marine mammals are represented by 
members of the taxonomic Orders Cetacea and Sirenia.  The Order Cetacea includes two 
Suborders: Odontoceti (toothed whales and dolphins) and Mysticeti (baleen whales).  The Order 
Sirenia includes manatees and the dugong.  Within the GOM, there are 28 species of cetaceans 
(21 odontocetes and 7 mysticetes) and one sirenian species, the manatee, which in this area 
includes two recognized subspecies (Jefferson et al., 1992). 
 
 The organization of marine mammal species in the following discussion is based on 
their current Federal protected status under the Endangered Species Act (ESA) of 1973.  Listed 
species are discussed in Section 3.2.2.1, and non-listed species are discussed in 
Section 3.2.2.2.  With the exception of the sperm whale, none of the odontocete whales and 
dolphins known to occur in the Gulf are currently listed as endangered or threatened.  Two of 
the seven species of mysticete whales known to occur in the Gulf are not currently listed as 
threatened or endangered.  The ESA status of various marine mammal species from the Gulf is 
outlined in Table 3.11. 
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Table 3.11.  Marine mammals of the Gulf of Mexico (Adapted from: Rice, 1998 and Davis et al., 
2000). 

 

Scientific Name Common Name Endangered/Threatened 
Statusa 

SUBORDER ODONTOCETI TOOTHED WHALES  
Family Physeteridae   

Physeter macrocephalus Sperm whale E 
Family Kogiidae   

Kogia breviceps Pygmy sperm whale -- 
Kogia simus Dwarf sperm whale -- 

Family Ziphiidae   
Mesoplodon bidens Sowerby's beaked whale -- 
Mesoplodon densirostris Blainville's beaked whale -- 
Mesoplodon europaeus Gervais' beaked whale -- 
Ziphius cavirostris Cuvier's beaked whale -- 

Family Delphinidae   
Feresa attenuata Pygmy killer whale -- 
Globicephala macrorhynchus Short-finned pilot whale -- 
Grampus griseus Risso's dolphin -- 
Lagenodelphis hosei Fraser's dolphin -- 
Orcinus orca Killer whale -- 
Peponocephala electra Melon-headed whale -- 
Pseudorca crassidens False killer whale -- 
Stenella attenuata Pantropical spotted dolphin -- 
Stenella clymene Clymene dolphin -- 
Stenella coeruleoalba Striped dolphin -- 
Stenella frontalis Atlantic spotted dolphin -- 
Stenella longirostris Spinner dolphin -- 
Steno bredanensis Rough-toothed dolphin -- 
Tursiops truncatus Bottlenose dolphin -- 

SUBORDER MYSTICETI  BALEEN WHALES  
Family Balaenidae   

Eubalaena glacialis North Atlantic right whale E 
Family Balaenopteridae   

Balaenoptera acutorostrata Minke whale -- 
Balaenoptera borealis Sei whale E 
Balaenoptera edeni Bryde's whale -- 
Balaenoptera musculus Blue whale E 
Balaenoptera physalus Fin whale E 
Megaptera novaeangliae Humpback whale E 

ORDER SIRENIA SIRENIANS  
Family Trichechidae   

Trichechus manatus latirostris Florida manatee E 
Trichechus manatus manatus Antillean manatee E 

a Status: E = listed as endangered under the Endangered Species Act of 1973. 
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3.2.2.1 Endangered and Threatened Species 

 Sperm whales are the only endangered marine mammal that could be expected to 
occur near the project area.  They are common in the northern Gulf and appear to be a resident 
species in certain deepwater areas.  No listed mysticete whales normally occur in the Gulf, 
although five mysticete whales may be found as extralimital strays (the North Atlantic right, sei, 
blue, fin, and humpback whales) (Jefferson and Schiro, 1997).  Two endangered subspecies of 
a sirenian (the West Indian manatee) inhabit only coastal marine, brackish, and freshwater 
habitats. 
 
3.2.2.1.1 Sperm Whale 

 The sperm whale (Physeter macrocephalus) is the largest toothed whale and is 
distributed from the tropics to polar zones in both hemispheres.  They are deep-diving mammals 
and inhabit oceanic waters, although they may come close to shore in certain areas where deep 
water approaches the coast.  Sperm whales are known to feed on cephalopods, demersal 
fishes, and benthic invertebrates (Rice, 1989; Jefferson et al., 1993).  The sperm whale is the 
only great whale that is considered to be common in the GOM (Jefferson and Schiro, 1997; 
Weller et al., 2000).  Sighting data suggest a Gulf-wide distribution on the slope.  Congregations 
of sperm whales are commonly found in waters over the shelf edge in the vicinity of the 
Mississippi River delta in water depths of 500 to 2,000 m (1,641 to 6,562 ft) (Mullin et al., 1994a; 
Davis and Fargion, 1996; Sparks et al., 1996; Jefferson and Schiro, 1997; Davis et al., 2000; 
Weller et al., 2000).  Sightings suggest that the continental slope south of the Mississippi River 
Delta, and perhaps more specifically the Mississippi Canyon, are important habitats for sperm 
whales in the Gulf (Weller et al., 2000).  This may be attributable to the persistent outflux of low 
salinity, nutrient-rich water from the Mississippi River, which may contribute to enhanced 
primary and secondary productivity in the north-central Gulf, and the presence of periodic, 
cyclonic eddies, mesoscale features that are derived from intrusions of the Loop Current into the 
central Gulf (see Section 3.1.4).  These cyclones interact with continental shelf or slope water 
and generate an upwelling of deep, nutrient-rich water, which in turn, produces locally enhanced 
plankton stocks (Biggs et al., 2000). 
 
 From survey data, two movement patterns have been hypothesized for sperm 
whales in the Gulf: 1) female-based clusters of a mix of adult females, calves, and juveniles 
remain in the Gulf year-round, and males move into the area on an occasional basis, or 2) these 
female-based groups immigrate to and emigrate from the Gulf to join mature males in other 
oceanic regions in the Atlantic Ocean or Caribbean Sea (Weller et al., 2000).  Recent population 
estimates of sperm whales in the northern GOM indicate a minimum of 300 to 530 individuals 
(Waring et al., 1997; Davis et al., 2000; Weller et al., 2000). 
 
3.2.2.1.2 Endangered Mysticetes 

 The North Atlantic right whale (Eubalaena glacialis) inhabits primarily temperate and 
subpolar waters.  The western North Atlantic population ranges between the Maritime Provinces 
of eastern Canada to northeastern Florida.  Right whales forage primarily on subsurface and 
localized concentrations of zooplankton such as calanoid copepods (Leatherwood and Reeves, 
1983; Jefferson et al., 1993).  Sparse, historical sightings and stranding records suggest that 
this species is not a normal inhabitant of the GOM.  Records that do exist are considered to be 
those of extralimital strays from wintering grounds off the southeastern U.S. (Jefferson and 
Schiro, 1997). 
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 The sei whale (Balaenoptera borealis) is an oceanic species that is not commonly 
sighted near the coast.  They occur from the tropics to polar zones in both hemispheres, but 
appear to be more common in mid-latitude temperate zones.  Sei whales feed on localized 
concentrations of zooplankton, small fishes, and cephalopods (Gambell, 1985; Jefferson et al., 
1993).  Sparse sighting data in the GOM suggest that their presence there is rare, or of 
accidental occurrence (Jefferson and Schiro, 1997). 
 
 The blue whale (Balaenoptera musculus) is an oceanic species that may move into 
shallower habitats to feed.  Blue whales are distributed from the equator to polar regions of both 
hemispheres.  Blue whales feed almost exclusively on localized concentrations of zooplankton 
(Yochem and Leatherwood, 1985; Jefferson et al., 1993).  Their presence in the GOM is 
considered to be very rare, as sighting records consist of two stranded individuals on the Texas 
coast and two non-confirmed sightings (Jefferson and Schiro, 1997). 
 
 The fin whale (Balaenoptera physalus) is also an oceanic species of both 
hemispheres and may be found from the tropics to polar zones.  They are sighted near the 
coast in certain areas where deep water approaches the coast.  Fin whales feed on localized 
concentrations of zooplankton, fishes, and cephalopods (Leatherwood and Reeves, 1983; 
Jefferson et al., 1993).  Their presence in the GOM is considered to be uncommon to rare.  
Sparse sighting data on this species suggest that individuals in the Gulf may be extralimital 
strays from their western Atlantic population (Jefferson and Schiro, 1997; Würsig et al., 2000). 
 
 The humpback whale (Megaptera novaeangliae) feeds and breeds in coastal waters 
and migrates from its tropical breeding areas to polar or sub-polar regions.  Humpback whales 
feed on localized concentrations of zooplankton and fishes (Winn and Reichley, 1985; Jefferson 
et al., 1993).  Humpback whales sighted in the GOM may be extralimital strays during their 
breeding season or during their migrations (Würsig et al., 2000). 
 
3.2.2.1.3 Endangered Sirenians 

 The West Indian manatee (Trichechus manatus) is the only sirenian found in tropical 
and subtropical coastal waters of the southeastern U.S., GOM, Caribbean Sea, and Atlantic 
coast of northern and northeastern South America (Reeves et al., 1992; Jefferson et al., 1993; 
O’Shea et al., 1995).  There are two subspecies of the West Indian manatee: the Florida 
manatee (T. m. latirostris), which ranges from the northern GOM to Virginia; and the Antillean 
manatee (T. m. manatus), which ranges from northern Mexico to eastern Brazil, including the 
islands of the Caribbean Sea.  The West Indian manatee typically ranges no further north than 
the Suwanee River in northwest Florida, though individuals are occasionally found as far west 
as Texas.  West Indian manatees are herbivorous, feeding on aquatic plants. 
 
3.2.2.2 Other Marine Mammals 

3.2.2.2.1 Odontocetes 

 Pygmy and Dwarf Sperm Whales.  The pygmy sperm whale (Kogia breviceps) and 
its congener, the dwarf sperm whale (K. simus) are known from deep waters in tropical to warm 
temperate zones (Jefferson and Schiro, 1997).  Kogia have been sighted throughout the GOM 
across a wide range of depths and bottom topographies, though they may be more commonly 
associated with water mass fronts along the continental shelf edge break and upper slope, 
especially in waters of high zooplankton biomass (Baumgartner, 1995; Baumgartner et al., 
2001).  The two Kogia species are morphologically similar, tend to occur in small groups or as 
solitary individuals, and are typically behaviorally undemonstrative or elusive. Consequently, 
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accurate differentiation of the two species in the field is problematic, and historic reports of their 
relative abundances in the Gulf may be inaccurate and underestimated.  Generally, little is 
known of their natural history.  Data collected from stomach contents of stranded individuals 
suggest that these species feed on cephalopods, fishes, and crustaceans in deep water 
(Leatherwood and Reeves, 1983; Jefferson et al., 1993). 
 
 Beaked Whales.  Four species of beaked whales are known to occur in the GOM.  
These include three species in the genus Mesoplodon (i.e., Sowerby’s beaked whale [M. 
bidens], Blainville’s beaked whale [M. densirostris], and Gervais’ beaked whale [M. europaeus]), 
and one species in the genus Ziphius (Cuvier’s beaked whale [Ziphius cavirostris]).  Sighting 
records of beaked whales suggest they prefer deep water, though little is known of their 
respective life histories.  In the Gulf, beaked whales have been most commonly sighted at 
depths between approximately 700 and 2,000 m (2,297 and 6,562 ft).  As in the case of the 
dwarf and pygmy sperm whales, some Mesoplodon beaked whales are difficult to differentiate in 
the field, tend to occur in small groups or as solitary individuals, and are typically behaviorally 
undemonstrative or elusive.  Consequently, historic reports of the relative abundances of these 
two species in the Gulf may be inaccurate and underestimated.  Data suggest that Cuvier’s 
beaked whale is probably the most common beaked whale in the Gulf (Jefferson and Schiro, 
1997; Davis et al., 1998, 2000).  Stomach content analyses suggest that these whales feed 
primarily on deepwater cephalopods, although they will also take fishes and some benthic 
invertebrates (Leatherwood and Reeves, 1983; Jefferson et al., 1993). 
 
 Delphinids.  All remaining species of non-endangered and non-threatened 
cetaceans found in the GOM are members of the taxonomically diverse family Delphinidae.  
This group includes small and medium-sized whales, dolphins, and true porpoises. 
 
 The pygmy killer whale (Feresa attenuata) is apparently widely distributed in tropical 
waters, though little is known of its biology or life history.  Its diet includes cephalopods and 
fishes, though reports of attacks on other delphinids have been reported (Leatherwood and 
Reeves, 1983; Jefferson et al., 1993).  The pygmy killer whale does not appear to be commonly 
found in the GOM.  Sightings of this species have been at depths of 500 to 1,000 m (1,641 to 
3,281 ft) (Jefferson and Schiro, 1997; Davis et al., 1998, 2000). 
 
 The short-finned pilot whale (Globicephala macrorhynchus) is found in warm 
temperate to tropical waters of the world.  Short-finned pilot whales feed primarily on 
cephalopods and fishes.  In the GOM, it is most commonly sighted along the continental slope 
at depths of 250 to 2,000 m (820 to 6,562 ft) (Jefferson and Schiro, 1997; Davis et al., 1998, 
2000). 
 
 The Risso’s dolphin (Grampus griseus) is a pantropical species that inhabits deep 
oceanic and continental slope waters.  Risso’s dolphins feed primarily on cephalopods and 
secondarily on fish and crustaceans (Leatherwood and Reeves, 1983; Jefferson et al., 1993; 
Baumgartner, 1997; Würsig et al., 2000).  In the GOM, its distribution appears to be widespread 
at depths of 150 to 2,000 m (492 to 6,562 ft), with aggregations sighted in areas along the upper 
continental slope with steep bottom topography (Baumgartner, 1995; Baumgartner et al., 2001). 
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 The Fraser’s dolphin (Lagenodelphis hosei) has a pantropical distribution in oceanic 
waters and nearshore in areas where deep water approaches the coast.  Fraser’s dolphins feed 
on fishes, cephalopods, and crustaceans (Leatherwood and Reeves, 1983; Jefferson et al., 
1993; Jefferson and Schiro, 1997).  Fraser’s dolphins have been sighted in the western and 
eastern GOM at depths of around 1,000 m (3,281 ft), though they are considered uncommon 
(Leatherwood et al., 1993; Jefferson and Schiro, 1997; Davis et al., 2000). 
 
 The killer whale (Orcinus orca) is one of the most cosmopolitan of all of the 
delphinids.  Generally, they appear to prefer nearshore, cold temperate to subpolar zones.  
Killer whales feed on marine mammals, marine birds, fishes, sea turtles, and cephalopods 
(Leatherwood and Reeves, 1983; Jefferson et al., 1993).  In the GOM, most sightings of killer 
whales have been along the continental slope, within a broad area of the north-central Gulf 
(Jefferson and Schiro, 1997; O’Sullivan and Mullin, 1997). 
 
 The melon-headed whale (Peponocephala electra) is a deepwater, pantropical 
species.  It is known to feed on cephalopods and fishes (Leatherwood and Reeves, 1983; 
Jefferson et al., 1993; Mullin et al., 1994b; Jefferson and Schiro, 1997).  Sightings of this 
species in the GOM have been primarily in continental slope waters west of the Mississippi 
River (Jefferson and Schiro, 1997; Davis et al., 1998, 2000). 
 
 The false killer whale (Pseudorca crassidens) is found in tropical to warm temperate 
zones in deep offshore waters.  It feeds on primarily fishes and cephalopods, although it has 
been known to also feed on cetaceans (Leatherwood and Reeves, 1983; Jefferson et al., 1993).  
In the GOM, most sightings of false killer whales have occurred along the continental slope, 
although some have been sighted in shallower shelf waters (Davis et al., 1998). 
 
 The pantropical spotted dolphin (Stenella attenuata) is a tropical species known 
from the Atlantic, Pacific, and Indian Oceans.  It is known to feed on epipelagic fishes and 
cephalopods (Leatherwood and Reeves, 1983; Jefferson et al., 1993).  The pantropical spotted 
dolphin is the most common and abundant cetacean on the slope, especially outer slope waters 
of the GOM at depths greater than 1,200 m (3,937 ft) (Davis and Fargion, 1996; Jefferson and 
Schiro, 1997; Baumgartner et al., 2001). 
 
 The Clymene dolphin (Stenella clymene) is endemic to the Atlantic and found only in 
tropical and subtropical waters.  This species appears to feed on fishes and cephalopods 
(Leatherwood and Reeves, 1983; Jefferson et al., 1993; Mullin et al., 1994c).  Data suggest that 
Clymene dolphins are widespread within deeper GOM waters (i.e., shelf edge and slope) (Davis 
et al., 2000; Würsig et al., 2000). 
 
 The striped dolphin (Stenella coeruleoalba) is primarily a tropical species, though it 
may also range into temperate seas.  Striped dolphins are known to feed on cephalopods and 
fishes.  In the GOM, they are found offshore of the shelf edge, at depths of >200 m (>656 ft) 
(Jefferson and Schiro, 1997; Davis et al., 2000; Würsig et al., 2000). 
 
 The Atlantic spotted dolphin (Stenella frontalis) is endemic to the Atlantic within 
tropical to temperate waters.  They are known to feed on a wide variety of fishes and 
cephalopods (Leatherwood and Reeves, 1983; Jefferson et al., 1993).  The Atlantic spotted 
dolphin is the only other species of cetacean (other than the bottlenose dolphin) that commonly 
occurs on the continental shelf of the GOM (Davis and Fargion, 1996; Jefferson and Schiro, 
1997).  Previous Gulf surveys sighted the Atlantic spotted dolphin primarily on the continental 
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shelf and shelf edge at depths less than 250 m (820 ft), although some individuals were sighted 
along the slope at depths of up to approximately 600 m (1,969 ft) (Davis et al., 1998). 
 
 The spinner dolphin (Stenella longirostris) is a pantropical species (Jefferson and 
Schiro, 1997).  Spinner dolphins appear to feed on fishes and cephalopods (Würsig et al., 
2000).  In the GOM, most sightings of spinner dolphins have been east of the Mississippi River 
at depths of 500 to 1,800 m (1,641 to 5,906 ft) (Jefferson and Schiro, 1997; Davis et al., 2000). 
 
 The rough-toothed dolphin (Steno bredanensis) is a circumtropical and subtropical 
species that feeds on cephalopods and fishes (Leatherwood and Reeves, 1983; Jefferson et al., 
1993).  In the GOM, they are sighted almost exclusively west of the Mississippi River at depths 
of 900 to 2,000 m (2,953 to 6,562 ft), and occur year-round (Jefferson and Schiro, 1997; Davis 
et al., 1998). 
 
 The bottlenose dolphin (Tursiops truncatus) is a common inhabitant of the 
continental shelf and upper slope waters of the GOM.  Sightings of this species in the Gulf are 
rare beyond approximately 1,200 m (3,937 ft) (Mullin et al., 1994a; Jefferson and Schiro, 1997; 
Davis et al., 2000; Baumgartner et al., 2001).  Opportunistic feeders, they prey on a wide variety 
of species (Davis and Fargion, 1996; Jefferson and Schiro, 1997).  Current data suggest that 
there are genetically discrete inshore and offshore populations of bottlenose dolphins.  Within 
the GOM, bottlenose dolphins are managed as 38 different stocks: one continental shelf edge 
and continental slope stock, one continental shelf stock, three coastal stocks (western, northern, 
and eastern Gulf), and 33 bay, sound, and estuary stocks (Waring et al., 1999).  Over much of 
the continental shelf, bottlenose dolphins coexist with Atlantic spotted dolphins (Stenella 
frontalis), with some evidence of interbreeding and hybridization between these two species 
(Hubard and Swartz, 2002). 
 
3.2.2.2.2 Mysticetes 

 The minke whale (Balaenoptera acutorostrata) is widely distributed from tropical to 
polar seas.  Minke whales may be found offshore but appear to prefer coastal and inshore 
waters.  Their diet consists of invertebrates and fishes (Leatherwood and Reeves, 1983; 
Stewart and Leatherwood, 1985; Jefferson et al., 1993; Würsig et al., 2000).  Sighting data 
suggest that minke whales either migrate into GOM waters in small numbers during the winter, 
or more likely, that sighted individuals represent strays from low-latitude breeding grounds in the 
western North Atlantic (Jefferson and Schiro, 1997; Davis et al., 1998, 2000). 
 
 The Bryde’s whale (Balaenoptera edeni) is generally confined to tropical and 
subtropical waters (i.e., between lat. 40°N and lat. 40°S).  Unlike a few other baleen whales, it 
does not have a well-defined breeding season in most areas; thus, calving may occur 
throughout the year.  The Bryde’s whale is represented by more sighting records than any other 
species of baleen whale in the GOM.  All Bryde’s whale sightings made during the GulfCet I and 
II programs were from the continental shelf edge in the vicinity of DeSoto Canyon and along the 
100-m (328-ft) isobath in the north-central Gulf.  These data suggest that the Gulf may 
represent at least a portion of the range of a dispersed, resident population of Bryde’s whale 
(Jefferson and Schiro, 1997; Davis et al., 1998, 2000).  Bryde’s whales feed on both fishes and 
invertebrates (Leatherwood and Reeves, 1983; Cummings, 1985; Jefferson et al., 1993). 
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3.2.2.3 Distributions of Cetaceans within the Northern GOM 

 Factors that may influence cetacean habitats, and thus affect the spatial and 
temporal distribution and abundance of cetaceans, may be environmental, biotic, or 
anthropogenic.  Environmental factors encompass those that are physiochemical, 
climatological, or geomorphological.  Biotic factors include the distribution and abundance of 
prey, inter- and intra-specific competition, reproduction, natural mortality, catastrophic events 
(e.g., die offs), and predation (Davis et al., 1998).  Anthropogenic factors include such items as 
historical hunting pressure (in some species), pollution, habitat loss and degradation, shipping 
traffic, recreational and commercial fishing, oil and gas development and production, and 
seismic exploration (USDOI, MMS, 1997a).  Studies suggest that cetacean habitat in the GOM 
within several hundred kilometers of the coast is most effectively partitioned by depth 
(Baumgartner et al., 2001). 
 
 Within the northern Gulf, many of the aforementioned environmental and biotic 
factors are strongly influenced by various circulation patterns.  These patterns are generally 
driven by river discharge, wind stress, and the Loop Current.  The major river system in this 
area is the Mississippi-Atchafalaya.  Most of the river discharge into the northern Gulf is 
transported to the west and along the coast.  Circulation on the continental shelf is largely 
wind-driven, with localized effects from fresh water (i.e., riverine) discharge.  Beyond the shelf, 
mesoscale circulation is largely driven by the Loop Current in the eastern Gulf.  Meanders of the 
Loop Current create warm-core anticyclonic eddies (anticyclones) once or twice annually that 
migrate westward.  The anticyclones in turn spawn cold-core cyclonic eddies (cyclones).  
Together, anticyclones and cyclones govern the circulation of the continental slope in the central 
and western Gulf.  The Loop Current and anticyclones are dynamic features that transport large 
quantities of high-salinity, nutrient-poor water across the near-surface waters of the northern 
Gulf.  Cyclones, in contrast, contain high concentrations of nutrients and stimulate localized 
production.  The combination of input of nutrients into the Gulf from river outflow and mesoscale 
circulation features enhances productivity, and thus the abundance, of cetacean prey species 
such as fishes and cephalopods within the Gulf.  The dynamics of these oceanographic features 
in turn affect the spatial and temporal distribution of prey species and ultimately influence 
cetacean diversity, abundance, and distribution (Mullin et al., 1994a; Davis et al., 2000, 2002). 
 
 Studies conducted during the GulfCet I program demonstrated correlation of 
cetacean distribution patterns with certain geomorphic features such as bottom depth or 
topographic relief.  These studies suggested that bottom depth was the most important variable 
in habitat partitioning among cetacean species in the northern Gulf (Baumgartner, 1995; Davis 
et al., 1998; Baumgartner et al., 2001).  For example, GulfCet I surveys, along with other 
surveys (such as the subsequent GulfCet II program) and opportunistic sightings of cetaceans 
within the northern Gulf, found that only the Atlantic spotted dolphin and the coastal form of the 
bottlenose dolphin were common inhabitants of the continental shelf.  The remaining species of 
cetaceans known to regularly occur in the Gulf (with possible exception of the Bryde’s whale) 
were sighted on the continental slope (Mullin et al., 1994a; Jefferson, 1995; Davis et al., 1998, 
2000; Baumgartner et al., 2001).  During the GulfCet II program, the most commonly sighted 
cetaceans on the continental slope were bottlenose dolphins (pelagic form), pantropical spotted 
dolphins, Risso’s dolphins, and dwarf/pygmy sperm whales.  The most abundant species on the 
slope were pantropical spotted and spinner dolphins.  Sperm whales sighted during GulfCet II 
surveys were found almost entirely in the north-central and northeastern Gulf, and near the 
1,000-m (3,281-ft) isobath on the continental slope (Davis et al., 2000). 
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 An objective of the GulfCet II program was to correlate a number of environmental 
parameters such as selected hydrographic features with cetacean sighting data in an effort to 
characterize cetacean habitats in the Gulf (Davis et al., 2000).  From GulfCet II surveys, 
sightings of cetaceans along the slope were concentrated in cyclones where production (in this 
case, measured chlorophyll concentration) was elevated; increased primary production within 
these cyclonic features enhances secondary production, including preferred prey items.  
Sightings of these deepwater species, however, were much less frequent in water depths 
greater than 2,000 m (6,562 ft) and in anticyclones.  Sperm whales tended to occur along the 
mid-to-lower slope, near the mouth of the Mississippi River and, in some areas, in cyclones and 
zones of confluence between cyclones and anticyclones.  From these data, it was suggested 
that the greater densities of cetaceans sighted along the continental slope, rather than abyssal 
areas, of the northern Gulf probably result from localized conditions of enhanced productivity, 
especially along the upper slope, and as a result of the collisions of mesoscale eddies with the 
continental margin (Davis et al., 2000; 2002). 
 
 In the north-central Gulf, the relatively narrow continental shelf south of the 
Mississippi River delta may be an additional factor affecting cetacean distribution, especially in 
the case of sperm whales (Davis et al., 2000; 2002).  Outflow from the Mississippi River mouth 
transports large volumes of low salinity, nutrient-rich water southward across the continental 
shelf and over the slope.  River outflow may also be entrained within the confluence of a 
cyclone-anticyclone eddy pair and transported beyond the continental slope.  In either case, this 
input of nutrient-rich water leads to a localized deepwater environment with enhanced 
productivity and may explain the presence of a resident population of sperm whales within 
50 km (31 mi) of the Mississippi River delta in the vicinity of the Mississippi Canyon. 
 
 Temporal variability in the distribution of cetaceans in the northern Gulf may also be 
primarily dependent upon the extent of river discharge and the presence and dynamic nature of 
mesoscale hydrographic features such as cyclones.  Consequently, the distribution of cetacean 
species will change in response to the movement of prey species associated with these 
hydrographic features.  GulfCet I and II survey data determined that most of the cetacean 
species that were routinely or commonly sighted in the northern Gulf apparently occur in these 
waters throughout the year, although seasonal abundance of certain species or species 
assemblages in slope waters may vary at least regionally (Baumgartner, 1995; Davis et al., 
1998, 2000). 
 
3.2.3 Sea Turtles 

 Five species of marine turtles are known to inhabit the waters of the GOM 
(Pritchard, 1997): the green, loggerhead, hawksbill, Kemp’s ridley, and leatherback 
(Table 3.12).  As a group, marine turtles possess elongated, paddlelike forelimbs that are 
substantially modified for swimming, and shells that are depressed and streamlined (Marquez, 
1990; Ernst et al., 1994; Pritchard, 1997).  They depend on land only during the reproduction 
period, when females emerge to nest on sandy beaches.  They are long-lived and 
slow-maturing.  Generally, their distributions are primarily circumtropical, although the various 
species differ widely in their seasonal cycles, geographical ranges, and behavior.  There are 
also considerable differences in behavior among populations of the same species (Marquez, 
1990). 
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Table 3.12. Sea turtles of the Gulf of Mexico (Adapted from: Davis et al., 2000). 
 

Scientific Name Common Name Statusa 

Family Cheloniidae 
Caretta caretta Loggerhead turtle T 
Chelonia mydas Green turtle T/Eb 
Eretmochelys imbricata Hawksbill turtle E 
Lepidochelys kempi Kemp’s ridley turtle E 

Family Dermochelyidae 
Dermochelys coriacea Leatherback turtle E 

a Status: E = endangered, T = threatened under the Endangered Species Act of 1973. 
b Green sea turtles are listed as threatened throughout the Gulf of Mexico, except Florida breeding 

populations, which are listed as endangered. 
 
 Most marine turtles (except perhaps the leatherback) exhibit differential distributions 
among their various life stages – hatchling, juvenile, and adult (Marquez, 1990; Hirth, 1997; 
Musick and Limpus, 1997).  After reaching the sea, hatchling turtles actively swim directly away 
from the nesting beach until they encounter zones of water mass convergence and/or 
sargassum rafts that are rich in prey and provide shelter (NMFS and USFWS, 1991a,b, 1992a; 
Hirth, 1997).  Most then undergo a passive migration, drifting pelagically within prevailing 
current systems such as oceanic gyres.  After a period of years (the number varies among 
species), the juveniles actively move into neritic developmental habitats.  When approaching 
maturity, subadult juvenile turtles move into adult foraging habitats, which in some populations 
are geographically distinct from their juvenile developmental habitats (Musick and Limpus, 
1997). 
 
 All marine turtle species that inhabit the Gulf are Federally listed as either 
endangered or threatened under the authority of the ESA (Pritchard, 1997).  It is believed that 
human activities are the cause of the collapse of marine turtle numbers.  These activities impact 
every stage of their life cycle and encompass (1) the loss of nesting beach and foraging 
habitats; (2) harvesting of eggs and adults for consumption; (3) incidental mortalities at sea 
through pelagic and ground fishing practices; and (4) harm or mortality from increasing loads of 
non-biodegradable waste and pollutants (Lutcavage et al., 1997). 
 
 The loggerhead (Caretta caretta) is a large marine turtle that inhabits the continental 
shelves and estuaries of temperate and tropical environments of the Atlantic, Pacific, and Indian 
Oceans.  This species typically wanders widely throughout the marine waters of its range and is 
capable of living in varied environments for a relatively long time (Marquez, 1990; NMFS and 
USFWS, 1991b; Ernst et al., 1994).  They may remain dormant during winter months, buried in 
moderately deep, muddy bottoms (Marquez, 1990).  Loggerheads are carnivorous, and though 
considered primarily predators of benthic invertebrates, are facultative feeders over a wide 
range of food items (Ernst et al., 1994).  Loggerheads are considered to be the most abundant 
marine turtle in the GOM (Dodd, 1988).  Loggerhead nesting along the Gulf coast occurs 
primarily along the Florida panhandle, although some nesting also has been reported from 
Texas through Alabama (NMFS and USFWS, 1991b).  The loggerhead is currently listed as a 
threatened species. 
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 The green turtle (Chelonia mydas) is the largest hardshell marine turtle and 
considered to be a circumglobal species.  They are commonly found throughout the tropics and 
as stragglers in a far more extensive area, generally between 40°N and 40°S latitudes (NMFS 
and USFWS, 1991a; Hirth, 1997).  In the continental U.S., they are found from Texas to 
Massachusetts.  Green turtles are omnivorous; adults prefer feeding on plants, but juveniles and 
hatchlings are more carnivorous  (Ernst et al., 1994; Hirth, 1997).  The adult feeding habitats are 
beds or pastures of seagrasses and algae in relatively shallow, protected waters; juveniles may 
forage in areas such as coral reefs, emergent rocky bottom, sargassum mats, and in lagoons 
and bays.  Movements between principal foraging areas and nesting beaches can be extensive, 
with some populations regularly carrying out transoceanic migrations (NMFS and USFWS, 
1991a; Ernst et al., 1994; Hirth, 1997).  Within the GOM, green turtles occur in some numbers 
over grass beds along the south Texas and Florida coasts.  Reports of nesting along the Gulf 
coast are infrequent, with the closest important nesting aggregations along the east coast of 
Florida and the Yucatan Peninsula (NMFS and USFWS, 1991a).  The green turtle is currently 
listed internationally as a threatened species and as an endangered species in the State of 
Florida. 
 
 The hawksbill (Eretmochelys imbricata) is a small to medium-sized marine turtle that 
occurs in tropical to subtropical seas of the Atlantic, Pacific, and Indian Oceans.  In the 
continental U.S., the hawksbill has been recorded in all the Gulf States and along the Atlantic 
coast from Florida to Massachusetts, although sightings north of Florida are rare.  They are 
considered to be the most tropical of all marine turtles and the least commonly reported turtle in 
the GOM (Marquez, 1990; Hildebrand, 1995).  Coral reefs are generally recognized as the 
resident foraging habitat for juveniles and adults.  Adult hawksbills feed primarily on sponges 
and demonstrate a high degree of selectivity, feeding on a relatively limited number of sponge 
species, primarily demosponges (Ernst et al., 1994).  Nesting within the continental U.S. is 
limited to southeastern Florida and the Florida Keys.  Juvenile hawksbills show evidence of 
residency on specific foraging grounds, although some migrations may occur (NMFS and 
USFWS, 1993).  Some populations of adult hawksbills undertake reproductive migrations 
between foraging grounds and nesting beaches (Marquez, 1990; Ernst et al., 1994).  The 
hawksbill is presently listed as an endangered species. 
 
 The Kemp’s ridley (Lepidochelys kempi) is the smallest marine turtle.  This species 
occurs mainly in the GOM and along the northwestern Atlantic coast as far north as 
Newfoundland.  Juveniles and adults are typically found in shallow areas with sandy or muddy 
bottoms, especially in seagrass habitats.  Kemp’s ridleys are carnivorous and feed primarily on 
crabs, as well as a wide variety of other prey items (Marquez, 1990; NMFS and USFWS, 1992a; 
Ernst et al., 1994).  The major Kemp’s ridley nesting area is near Rancho Nuevo, along the 
northeastern coast of Mexico (Tamaulipas), with scattered nesting in other areas of Mexico and 
in Texas (e.g., within the Padre Island National Seashore), Colombia, Florida, and South 
Carolina (NMFS and USFWS, 1992a; Ernst et al., 1994).  Adult Kemp’s ridleys exhibit extensive 
inter-nesting movements but appear to remain near the coast.  The Kemp’s ridley is currently 
listed as an endangered species. 
 
 The leatherback (Dermochelys coriacea) is the largest and most distinctive living 
marine turtle.  This species possesses a unique skeletal morphology, most evident in its flexible, 
ridged carapace, and in cold water maintains a core body temperature several degrees above 
ambient.  They also have unique deep-diving abilities.  This species is also the most pelagic and 
most wide-ranging marine turtle, undertaking extensive migrations from the tropics to boreal 
waters.  Though considered pelagic, leatherbacks will occasionally enter the shallow waters of 
bays and estuaries.  Leatherbacks feed primarily on gelatinous zooplankton such as jellyfish, 
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siphonophores, and salps, though they may, perhaps secondarily, ingest some algae and 
vertebrates (Ernst et al., 1994).  Data from analyses of leatherback stomach contents suggest 
that they may feed at the surface, nocturnally at depth within deep scattering layers, or in 
benthic habitats.  Their distribution within the GOM is widespread.  East Florida is the only site 
in the continental U.S. where the leatherback regularly nests (NMFS and USFWS, 1992b; Ernst 
et al., 1994; Meylan et al., 1995).  The leatherback is currently listed as an endangered species. 
 
 Estimates of marine turtle relative abundances in the Gulf, based upon historic 
sightings data, show highest densities off southern Florida and along the west coast of Florida.  
From these data, there is a marked decrease in abundance estimates in areas off Mississippi 
and Alabama, and extremely low abundances west of the Mississippi River, except off southern 
Texas (McDaniel et al., 2000). 
 
 Surveys conducted during the GulfCet I and II programs represent the most recent 
assessments of marine turtle distribution and abundance within the northern GOM (Davis et al., 
1998, 2000).  During these surveys, only three identified species of marine turtles were sighted 
on the continental shelf: loggerheads, Kemp’s ridleys, and leatherbacks. 
 
 GulfCet I and II surveys found the abundance of marine turtles in the Gulf to be 
considerably higher on the continental shelf, especially east of Mobile Bay (Lohoefener et al., 
1990; Davis et al., 2000).  Kemp’s ridleys were sighted only along the shelf.  The number of 
loggerhead sightings was considerably higher on the continental shelf than the slope.  There 
were also sightings of individual loggerheads over very deep waters (>1,000 m [>3,281 ft]).  The 
importance of the oceanic Gulf to loggerheads was not clear from these surveys, though it was 
suggested that they may transit through these waters to distant foraging sites or while seeking 
warmer waters during winter (Davis et al., 2000).  From historic sighting data, leatherbacks 
appear to spatially use both shelf and slope habitats in the Gulf (Fritts et al., 1983a,b; Collard, 
1990; Davis et al., 1998).  GulfCet I and II surveys suggested that the region from Mississippi 
Canyon to DeSoto Canyon, especially near the shelf edge, appears to be an important habitat 
for leatherbacks (Davis et al., 2000). 
 
 Seasonally, loggerheads were widely distributed across the shelf during both 
summer and winter, though their abundance on the slope was considerably higher during winter 
surveys than summer (Davis et al., 2000).  Temporally, variability in leatherback distribution and 
abundance suggest that specific areas may be important to this species, either seasonally or for 
short periods of time.  Overall, leatherbacks occurred in substantial numbers during both 
summer and winter surveys.  The high variability in the relative numbers of individual 
leatherbacks sighted within specific areas suggest that their populations in the Gulf were 
irruptive in nature (Davis et al., 2000). 
 
3.2.4 Marine Birds 

3.2.4.1 Endangered and Threatened Species 

 Most species of the coastal and marine birds currently listed as endangered or 
threatened that occur in the central and western GOM inhabit or frequent coastal areas and 
waters of the inner continental shelf.  These include the sandhill crane (Gulf Coast race) (Grus 
canadensis pulla), piping plover (Charadrius melodus), eskimo curlew (Numenius borealis), 
brown pelican (Pelicanus occidentalis), and bald eagle (Haliaeetus leucocephalus) (USFWS, 
1998).  Because of their normal coastal or inner continental shelf ranges, these species are not 
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expected to occur in the Gulf Landing LNG regasification terminal area (C. Mendoza, USFWS, 
Clear Lake ES Field Office, pers. comm., 2001). 
 
3.2.4.2 Other Marine Birds 

 The waters and adjacent coastal landforms of the northern GOM are inhabited by a 
diverse assemblage of resident and migratory birds (Lowery, 1955; Imhof, 1976; Clapp et al., 
1982a,b,c; Rappole and Blacklock, 1994; National Geographic Society, 1999).  The aquatic and 
semi-aquatic species may be roughly categorized into four groups: seabirds, shorebirds, 
wetland birds, and waterfowl.  Table 3.13 presents a listing of the organization of taxonomic 
orders and families of Gulf coastal and marine birds within these four groups.  The Gulf is also 
seasonally traversed by a taxonomically diverse and sizeable array of migrant terrestrial bird 
species.  The discussion of these groups is limited to those species that may occur within 
coastal margins and nearshore and offshore waters of the northern Gulf (seabirds, shorebirds, 
and waterfowl).   
 
 Five taxonomic orders of seabirds (broadly defined as those species that spend a 
large portion of their lives on or over seawater) are found in both offshore and coastal waters of 
the northern GOM.  Some species of this group inhabit only pelagic habitats in the Gulf (outer 
continental shelf and beyond) (e.g., boobies, petrels, and shearwaters).  Most Gulf seabird 
species, however, inhabit waters of the continental shelf, and adjacent coastal and inshore 
habitats (Clapp et al., 1982a; Bent, 1986; Warham, 1990; Harrison, 1983, 1996; Olsen and 
Larsson, 1995, 1997; Peake et al., 1995; National Geographic Society, 1999).  GOM seabirds 
were categorized by Fritts and Reynolds (1981) into four broad categories: summer migrant 
pelagics; summer residents; wintering marine species; and permanent residents.  Summer 
migrant pelagic species are those that are present in the Gulf during the summer but breed 
primarily elsewhere.  Examples include black terns, boobies, shearwaters, storm-petrels, and 
tropicbirds.  Summer residents are those which are present during summer months but also 
breed in the Gulf.  Examples include least terns, sandwich terns, and sooty terns.  Wintering 
marine birds are those that may be found in the Gulf only during winter months.  Examples of 
wintering species include herring gulls, jaegers, and the northern gannet.  Examples of 
permanent residents include bridled terns, laughing gulls, magnificent frigatebirds, and royal 
terns.  
 
 Shorebirds include members of the Order Charadriiformes, which outside of their 
migratory cycles, are generally restricted to coastline margins.  Shorebirds are among the 
world’s greatest migratory animals.  Many North American shorebirds seasonally traverse 
between the high Arctic and South America, and occasionally spill over into Asia and Europe 
(Bent, 1962a,b; Hayman et al., 1986).  Certain coastal and adjacent inland wetland habitats of 
the Gulf serve as vital overwintering habitats and temporary "staging" habitats for shorebirds.  
Staging birds (those migrant species that reside temporarily along the Gulf coast) forage within 
coastal habitats in an effort to accumulate energy reserves necessary for the completion of their 
migratory efforts (Hayman et al., 1986).  Many shorebird species typically aggregate in large 
numbers within select Gulf coastal habitats.  In addition, many of the overwintering shorebird 
species remain within specific areas throughout the season and exhibit between year wintering 
site tenacity, making these species especially susceptible to localized impacts resulting from 
habitat loss or degradation. 
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Table 3.13.  Coastal and marine birds of the Gulf of Mexico. 
 
SEABIRDS 
Order Charadriiformes 

Family Laridae – Gulls and Terns 
Family Scolopacidae – Phalaropes 

Order Gaviiformes 
Family Gaviidae – Loons 

Order Pelicaniformes 
Family Fregatidae – Frigatebirds 
Family Pelicanidae – Pelicans 
Family Phaethontidae – Tropicbirds 
Family Phalacrocoracidae – Cormorants 
Family Sulidae – Gannets and Boobies 

Order Procellariiformes 
Family Diomedeidae – Albatrosses 
Family Hydrobatidae – Storm-petrels 
Family Procellariidae – Petrels and Shearwaters 

SHOREBIRDS 
Order Charadriiformes 

Family Charadriidae – Plovers 
Family Haematopodidae – Oystercatchers 
Family Recurvirostridae – Stilts and Avocets 
Family Scolopacidae – Sandpipers, Snipes, and Allies 

WETLAND BIRDS 
Order Charadriiformes 

Family Jacanidae – Jacanas 
Order Ciconiiformes  

Family Aramidae – Limkins 
Family Ardeidae – Bitterns, Egrets, and Herons 
Family Ciconiidae – Storks 
Family Threskiornithidae – Ibises and Spoonbills 

Order Gruiformes 
Family Gruidae – Cranes 
Family Rallidae – Rails and Coots, Moorhens, and Gallinules 

Order Pelicaniformes 
Family Anhingidae – Darters and Anhingas 

Order Podicipediformes 
Family Podicipedidae – Grebes 

WATERFOWL 
Order Anseriformes 

Family Anatidae – Ducks, Geese, and Swans 
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 Waterfowl are members of the Order Anseriformes that inhabit freshwater and 
marine aquatic habitats.  Many of these birds are migrant species that, primarily during winter 
months, congregate on coastal waters, beaches, flats, sandbars, and wetland habitats along the 
northern Gulf (Madge and Burn, 1988; Weller, 1988). 
 
 The GOM is an important pathway for migratory birds, including many coastal and 
marine species, and large numbers of terrestrial species.  Most of the migrant birds (especially 
passerines, or perching birds), which overwinter in the Neotropics (tropical Central and South 
America) and breed in eastern North America either directly cross the Gulf (trans-Gulf migration) 
or move north or south by traversing the Gulf coast or the Florida peninsula (Berthold, 1993; 
DeGraaf and Rappole, 1995; Rappole, 1995; Stotz et al., 1996).  Florida migrants then either 
cross to the Bahamas Archipelago or travel directly across the Florida Straits and into the 
Antilles (Hagan and Johnston, 1992).  Recent studies indicate that the flight pathways of the 
majority of the trans-Gulf migrant birds during spring are directed toward the coastlines of 
Louisiana and eastern Texas.  During over-water flights, migrant birds (other than seabirds) 
commonly use offshore oil and gas production platforms for rest stops or as temporary shelter 
from inclement weather.  It is thus believed that these platforms may serve a role as artificial 
islands for these species during their migrations (R. Russell, Louisiana State University Museum 
of Natural History, pers. comm., 1999). 
 
3.2.5 Benthic Communities 

 The continental shelf in the Western GOM extends over a gradual slope from the 
coastline to the shelf break in water depths ranging from about 118 to 150 m (387 to 492 ft).  
Continental shelf soft bottom communities in the GOM region have been described in numerous 
studies and programs, including those summarized by Lyons and Collard (1974); Defenbaugh 
(1976); Pequegnat et al. (1976); Dames and Moore (1979); Flint and Rabalais (1980); Bedinger 
(1981); Woodward-Clyde Consultants and Continental Shelf Associates, Inc. (1983, 1985); 
Yingst and Rhoads (1985); Continental Shelf Associates, Inc. (1987); and Brooks (1991). 
 
 The benthos of the shelf has both floral and faunal components.  The floral 
components include bacteria, algae, and seagrasses.  Research by Yingst and Rhoads (1985) 
showed bacterial abundances to be positively correlated with organic matter and inversely 
correlated with faunal densities.  Benthic algae abundance is limited by scarcity of light 
penetration and suitable substrate.  In exceptionally clear waters, benthic algae, especially 
coralline red algae, are known to grow in water depths of at least 180 m (591 ft).  Rezak et al. 
(1983) recorded algae from submarine banks off of Louisiana and Texas.  Offshore seagrasses 
are not prevalent in the Western Gulf; however, fairly extensive beds may be found in estuarine 
areas behind the barrier islands throughout the Gulf (USDOI, MMS, 1998). 
 
 The benthic faunal component consists of two groups: infauna and epifauna.  
Infauna are those animals that live in the substrate, including mostly burrowing worms, 
crustaceans, and mollusks.  Most infaunal organisms are found in the upper 3 to 5 cm (1.18 to 
1.97 in.) of the bottom in soft bottom areas (Yingst and Rhoads, 1985).  Infaunal communities in 
the GOM are generally dominated in both number of species and individuals by polychaete 
worms, followed by crustaceans and mollusks (Dames and Moore, 1979; Woodward-Clyde 
Consultants and Continental Shelf Associates, Inc., 1983, 1985; Continental Shelf Associates, 
Inc., 1987, 1992, 1996; Brooks, 1991).  Substrate is the most important factor in the distribution 
of benthic fauna, as densities of infaunal organisms increase with sediment particle size.  
Temperature, salinity, water depth, and distance from shore also influence benthic faunal 
distribution (Defenbaugh, 1976).  Lesser important factors include illumination, food availability, 
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currents, tides, and wave shock.  The density of offshore infaunal organisms has been found to 
be greater during the spring and summer as compared to that in winter (Brooks, 1991). 
 
 Epifauna are animals that live on or are attached to the substrate.  Epifaunal 
organisms consist mostly of crustaceans, as well as echinoderms, mollusks, hydroids, sponges, 
and soft and hard corals.  Shrimp and demersal fish are closely associated with the benthic 
community.  Based upon trawl specimens collected along the GOM continental shelf from 
Mexico to just east of the DeSoto Canyon, Defenbaugh (1976) divided the shelf megafaunal or 
epibiotal assemblages into eastern and western assemblages with inner, middle, and outer shelf 
components.  The major factor influencing the megafaunal distributions appeared to be the 
differing substrates, with primarily carbonate sediments found east of DeSoto Canyon and along 
the west Florida shelf, and more terrigenous muds found to the west. 
 
 Size classifications exist that were developed by Rowe and Haedrich (1979) and 
Pequegnat (1983) that further group shelf organisms into the following size classes:  

• microfauna, less than 63 µm in size and consisting of bacteria and protists;  
• meiofauna, mainly consisting of infauna with a size range from 63 to 500 µm; 
• macrofauna, which range in size from 500 µm up to an easily visible size; and 
• megafauna, which are those animals large enough to be easily visible (USDOI, 

MMS, 2001). 
 
3.2.5.1 Soft Bottom Communities 

 In general, the vast majority of bottom substrate available to benthic communities in 
the Western Gulf, and thus in the immediate vicinity of the proposed Gulf Landing LNG project, 
consists of soft, muddy bottoms with polychaetes being the dominant organism in the benthos.  
Parker (1960) constructed a list of sessile organisms that are typically found in similar regions in 
the GOM.  Organisms comprising the "Inner Shelf Assemblage" (Table 3.14) are the benthic 
species most likely to be present in the Gulf Landing Project area.  Included on this list are three 
species of crustaceans that are of notable commercial importance: the brown shrimp (Penaeus 
aztecus), the white shrimp (Penaeus setiferus), and the blue crab (Callinectes sapidus). 
 
 Two shrimp species of particular commercial importance that are located along the 
Texas-Louisiana shelf and potentially near the proposed Gulf Landing project include the white 
shrimp, Penaeus setiferus, and the brown shrimp, P. aztecus. 
 
 Brown and white shrimp use a variety of habitats as they grow from planktonic 
larvae to spawning adults.  In part, migration tends to separate the various life stages so that 
they are not in direct competition for the same resources.  As planktonic larvae, the shrimp feed 
on phytoplankton and zooplankton and exist mainly in the open Gulf.  As postlarvae, they enter 
the estuaries and adopt a benthic existence at the marsh-water, mangrove water interface, or 
within grassbeds.  As the shrimp grow, they move away from the marsh-water or 
mangrove-water interface into deeper, more open waters.  At some point they begin an offshore 
migration to the Gulf.  The major species tend to be partly separated in the Gulf.  Brown and 
white shrimp predominate on the mud and sandy mud bottoms of the northwestern and northern 
Gulf.  Adult brown shrimp tend to migrate to deeper waters (30 to 50 fathoms) than adult white 
shrimp (10 to 20 fathoms) (GMFMC, 1981). 
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Table 3.14.  Inner Shelf Assemblage, Texas-Louisiana Shelf1 (Defenbaugh, 1976). 
 

Cnidaria 
 Renilla mulleri 
 Astrangia asreiformis 
 Palythoa texaensis 
Annelida 
 Diopatra cuprea 
 Onuphis eremita oculata 
Gastropoda 
 Architectonica nobilis 
 Polinices duplicatus 
 Phalium granulatum 
 Thais h. canaliculata 
 Anchis obesa 
 Cantharus cancellarius 
 Busycon spiratum plagosum 
 Nassarius acutus 
 Oliva sayana 
 Olivella mutica 
 Terebra dislocata 
 Terebra protexta 
Bivalvia 
 Nuculana concentrica 
 Anadara ovalis 
 Anadara transversa 
 Noetia ponderosa 
 Atrina serrata 
 Dosinia discus 
 Dinocardium robustum 
 Corbula swiftiana 

Natantia 
 Penaeus aztecus 
 Penaeus setiferus 
 Sicyonia brevirostris 
 Sicyonia dorsalis 
 Trachypeneus similes 
Reptantia 
 Pagurus pollicaris 
 Persephona aquilonaris 
 Persephona crinata 
 Persephona punctuata 
 Calappa sulcata 
 Hepatus epheliticus 
 Callinectes sapdius 
 Callinectes similes 
 Portunus gibbesi 
 Portunus spinimanus 
 Libinia emarginata 
Stomatopoda 
 Squilla empusa 
Echinodermata 
 Luidia clathrata 
 Ophiolepsis elegans 
 Mellita quinquiesperforata 

1 Relatively shallow, 13 to 66 ft (4 to 20 m); bottom composed of soft mud, mixed sand and mud, 
or sand; salinity usually about 36 ppt (Hedgpeth, 1953, 1957; Hildebrand, 1954; Kennedy, 
1959; Ladd et al., 1957; Parker, 1960; Harper, 1970). 

 
 The substrate preferences of shrimp appear to be important to their distribution 
patterns along the Gulf coast.  In general, brown and white shrimp prefer soft mud or peat 
bottoms and are found mainly along the coast from Texas to Alabama (GMFMC, 1981). 
 
 The juvenile brown and white shrimp prefer a soft mud or peat bottom with large 
quantities of decaying organic matter or vegetation (Williams, 1955, 1959; Mock, 1967; Jones, 
1973).  Sand or clay substrates are sometimes satisfactory for young brown shrimp, unless 
these substrates are bare clay, sand, or shell (Williams, 1959).  Adult brown shrimp are found 
on mud or silt and also on mud, sand, and shell (Farfante, 1969).  In the Gulf, white shrimp are 
also found on muddy or silty bottoms and on clay or sand with fragments of shell (Springer and 
Bullis, 1954; Hildebrand, 1954) (GMFMC, 1981). 
 
 The blue crab, Callinectes sapidus, is another crustacean of commercial importance 
that could be potentially located in the vicinity of the proposed Gulf Landing LNG project.  Blue 
crabs are distributed throughout the coastal waters of the GOM and are most abundant in 
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waters up to 35 m (115 ft).  Greatest reported commercial landings occur north of 28oN latitude 
(Perry and McIlwain, 1986). 
 
 Blue crabs occupy a variety of habitats depending upon the physiological 
requirements of each particular stage in its life history.  Spawning occurs from spring through 
fall in high salinity estuarine and/or coastal waters.  Development through the 7 zoeal stages 
requires approximately 31 d and occurs offshore.  At this time, the larvae are subject to currents 
and may be transported considerable distances.  Recruitment of larvae back into coastal waters 
occurs during the megalopal stage (More, 1969; King, 1971; Perry, 1975; Perry and Stuck, 
1982). 
 
 Juvenile blue crabs can occur over a broad range of salinities, but they are most 
abundant in low to intermediate salinities characteristic of middle and upper estuarine waters.  
Bottom type also plays an important role in the distribution of juvenile blue crabs.  Multiple 
studies have noted the association of juvenile blue crabs with soft mud sediments (More, 1969; 
Holland et al., 1971; Adkins, 1972; Perry, 1975; Perry and Stuck, 1982). 
 
 Adult blue crabs exhibit differences in distribution patterns based on gender and 
salinity levels (Churchill, 1921; Gunter, 1950; Darnell, 1959; Perry, 1975).  Adult males tend to 
remain in low salinity waters while mature females prefer the higher salinities of the lower 
estuary and adjacent marine waters. 
 
3.2.5.2 Hard Bottom Communities 

 Outside the immediate vicinity of the Gulf Landing LNG project site, different types 
of features exist within the GOM that are considered potentially sensitive to exploratory and 
construction-related activities.  These include topographic features or banks, live bottom areas, 
and chemosynthetic communities (Figure 3.9).  Some of these types of features are located 
relatively close to the proposed Gulf Landing site, while others are much to far away to be 
affected by construction and/or operation activities. 
 
3.2.5.2.1 Topographic Features 

 The shelf and shelf edge of the Western and Central GOM is characterized by 
topographic features that are inhabited by hard-bottom benthic communities.  The habitat 
created by the topographic features is important in several respects: it supports hard-bottom 
communities of high biomass, high diversity, and high numbers of plant and animal species; it 
supports, either as shelter or food, or both, large numbers of commercially and recreationally 
important fishes; it is unique to the extent that it includes small, isolated areas of such 
communities in vast areas of much lower diversity; it provides a relatively pristine area suitable 
for scientific research (especially the East and West Flower Garden Banks); and it has an 
aesthetically attractive intrinsic value.  Two such features located relatively near and to the 
southeast of the proposed Gulf Landing LNG regasification terminal are the East and West 
Flower Garden Banks and Stetson Bank. 
 
 The East and West Flower Garden Banks, which lie approximately 149 km (93 mi) 
to the southeast of the Gulf Landing site, are two of the most prominent topographic features in 
the GOM, covering approximately 50 km2 (19.3 mi2) and 74 km2 (28.57 mi2), respectively.  
These features rise from surrounding water depths of greater than 100 m (328 ft) to a depth of 
20 m (66 ft) at the crests.  The banks formed over salt domes or diapirs, which forced the 
overlying bedrock upward, providing substrate for the colonization and growth of reef  
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organisms.  The crests of these features are carbonate rock formed by reef-building corals, 
coralline algae, and other lime-secreting creatures.  The dominant communities on these banks 
at water depths less than 36 m (118 ft) are composed of hermatypic corals including 
approximately 20 species, with an average percent cover of more than 50% (Bright et al., 1984; 
Dokken et al., 1999).  Additionally, more than 80 species of algae, approximately 250 species of 
macroinvertebrates, and more than 120 species of fishes are also associated with these 
features (Bright et al., 1984; U.S. Department of Commerce, NOAA, 1991; Dokken et al., 1999, 
Continental Shelf Associates, Inc., 2001). 
 
 Stetson Bank, approximately 156 km (97 mi) southeast of the proposed Gulf 
Landing LNG regasification terminal, covers approximately 3 km2 (1.16 mi2), and is among the 
smallest of the mid-shelf banks in the northern GOM.  The bank is oval-shaped and oriented in 
a northeast-southwest direction.  The crest of the bank lies at a depth of 32 m (105 ft); however, 
a pinnacle near the west side of the crest rises to a depth of 20 m (66 ft).  Surrounding depths 
are 64 m (210 ft) to the north and 62 m (203 ft) to the south (McGrail et al., 1982).  Because 
mid-shelf banks tend to experience less light penetration and colder temperatures, the biota 
differs significantly from outer shelf banks.  Instead of the high diversity coral reef-building zone 
found at the Flower Gardens (outer shelf), the mid-shelf banks tend to be dominated by zones 
of minor reef building activity (NMFS, 1998). 
 
3.2.5.2.2 Live Bottom Areas 

 Other important and potentially sensitive benthic habitats on the GOM continental 
shelf are so called "live bottom areas."  Live bottom areas are high productivity communities 
generally characterized by a high diversity of epibiota on rock or firm substrate.  In the GOM, 
these communities are found across the breadth of the west Florida shelf and in more limited 
locations offshore Alabama, Mississippi, Louisiana, and Texas.  Parker et al. (1983) made 
estimates of the amount of reef habitat or hard bottom on the GOM continental shelf at water 
depths between 18 and 91 m (59 to 299 ft) by lowering a camera system to the bottom at 
randomly selected locations.  Between Key West and Pensacola, Florida it was estimated that 
38% of the seafloor consisted of hard bottom/reef habitat.  From Pensacola west to Pass 
Cavallo, Texas, only about 3% of the seafloor consisted of reef habitat. 
 
 Live bottom areas also include seagrass beds.  Inshore of the Central and Western 
Planning Areas, the coastal waters of Mississippi and Alabama contain approximately 29,948 ha 
(74,002 acres) of seagrass growing along the inner edges of the barrier islands of Mississippi 
Sound and along the shorelines of prominent bays.  To the west, Texas nearshore waters 
contain approximately 14,974 ha (37,001 acres) of seagrass beds, most of which are located in 
the Laguna Madre and the Copano-Aransas Bay complex (Shew et al., 1981; USDOI, MMS, 
1998).  Most of the relatively nearby seagrass areas of the proposed Gulf Landing LNG project 
are found in shallow nearshore waters and not in the immediate vicinity of the proposed 
structure (NOAA, 1985). 
 
3.2.5.2.3 Chemosynthetic (Seep) Communities 

 Chemosynthetic communities are defined as persistent, largely sessile assemblages 
of marine organisms dependent upon chemosynthetic bacteria as their primary food source 
(MacDonald, 1992).  Chemosynthetic clams, mussels, and tube worms, similar to (but not 
identical to) the hydrothermal vent communities of the eastern Pacific (Corliss, 1979) have been 
discovered in association with hydrocarbon seeps in the northern GOM.  Initial discoveries of 
cold-water seep communities indicated that they are primarily associated with hydrocarbon and 
H2S seep areas (Kennicutt et al., 1985; Brooks et al., 1986).  Although these communities are 
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widespread across the northern GOM slope, they are sometimes found in very sparse 
concentrations of less than one animal per m2 (Brooks et al., 1986).  The occurrence of 
chemosynthetic organisms dependent on hydrocarbon seepage has been documented in water 
depths as shallow as 290 m (952 ft) (Roberts et al., 1990), but most dense aggregations of 
these organisms have been found at water depths of around 500 m (1,641 ft) and deeper. 
 
 The Gulf Landing project has been proposed in water depths of approximately 
16.8 m (56 ft).  This depth range is much shallower than documented depths of known 
chemosynthetic communities in the GOM. 
 
3.2.6 Pelagic Communities 

3.2.6.1 Plankton 

 Because the Loop Current is a western boundary current originating from the 
Caribbean, it acts as a biological conveyor belt to maintain the exchange of pelagic species 
between the Caribbean and the GOM (Wiseman and Sturges, 1999).  While the conveyor 
enhances species diversity, it does not fertilize phytoplankton, which are downstream since the 
Loop Current surface waters are among the most oligotrophic of the World's Oceans.  Within the 
Loop Current, essential plant nutrients, such as nitrate and phosphate, are usually below the 
analytical detection limit (i.e., <0.05 µM/L) from the surface to depths of approximately 80 to 
90 m (262 to 295 ft). 
 
 The deepwater GOM falls at the low end of the estimated range of 50 to 
160 gC/m2/yr that is generally accepted for the annual primary production in open-ocean 
ecosystems (Smith and Hollibaugh, 1993).  Similarly, the standing stocks and biological 
productivity of the phytoplankton, zooplankton, and micronekton communities living in the upper 
part of the water column in the central and western deepwater GOM and much of the southern 
Texas shelf waters are those that might be expected in an oligotrophic ecosystem.  Productivity 
in other areas of the continental shelf varies from oligotrophic to eutrophic due to the variable 
pattern of shelf circulation (Chen et al., 1997). 
 
 In shallower shelf waters, studies by Al-Abdulkader (1995), Biggs and Sanchez 
(1997), and Chen et al. (2000) have characterized the Texas-Louisiana continental shelf as 
oligotrophic when not enhanced by the nutrient-rich riverine waters from the Mississippi and 
Atchafalaya rivers.  Al-Abdulkader (1995) showed that the inner shelf was richer and more 
productive than the middle and outer shelf combined and accounted for approximately 70% of 
shelf production.  Biggs and Sanchez (1997) suggested that primary productivity on the shelf is 
"discharge driven" and that average annual production is 180 gC/m2/yr.  Chen et al. (2000) 
estimated annual carbon production in the Louisiana-Texas continental shelf region to be 
159 gC/m2/yr and concluded that rate is regulated by the interaction of regional mesoscale 
circulation, nutrient sources, and light availability. 
 
 Although productivity in the deepwater GOM is generally low, elevated productivity 
has been noted on certain size and time scales.  For instance, Muller-Karger et al. (1991), Chen 
et al. (2000), and Gonzalez et al. (2000) have shown that surface pigment concentrations in the 
deepwater GOM undergo a well-defined seasonal cycle.  Both Muller-Karger et al. (1991) and 
Gonzalez et al. (2000) reviewed monthly climatologies of near-surface phytoplankton pigment 
concentration from multi-year series of coastal zone color scanner (CZCS) images for the period 
1978 to 1986.  They concluded that the highest surface concentrations of chlorophyll occur 
during winter, while lowest values occur during summer.  However, only about three-fold 
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variation occurs between the lowest (~0.06 mg/m3) and highest (0.2 mg/m3) surface pigment 
concentrations.  Chen et al. (2000) concluded that rates of primary productivity in the northwest 
GOM are strongly influenced by the interaction of regional mesoscale circulation, nutrient 
sources, and light availability. 
 
 Freshwater inputs carrying high nutrient concentrations have a strong effect on 
productivity on the northern shelf (Lohrenz et al., 1994, 1997, 1999).  On the Texas-Louisiana 
shelf, biological productivity is enhanced by the northerly or easterly winds during the winter 
season (Biggs and Sanchez, 1997).  These winds contribute to and reinforce the eastward 
cyclonic circulation generated by the freshwater discharge to the shelf (Cochrane and Kelly, 
1986).  Sahl et al. (1993) revealed the potential for this east-ward flowing current to induce 
upwelling along the edge of the Texas shelf, enhancing both nutrient and particle distributions.  
Exceptions occur when surface currents set up an off-shelf flow that carries the river water 
seaward past the shelf-slope break and into deep water, such as those created in the western 
GOM by deepwater cyclone-anticyclone circulation pairs (Biggs and Muller-Karger, 1994).  
Comparable to a pair of anticlockwise-rotating and clockwise rotating gears, these 
oceanographic features entrain coastal water from the western and central GOM.  Entrained 
water is drawn offshore when the cyclone (i.e., anticlockwise circulation) lies immediately to the 
north or east of the anticyclone (i.e., clockwise circulation), thus resulting in high-chlorophyll 
"plumes" in deep water.  Sahl et al. (1997) has documented the transport of water, nutrients, 
and particles onto and off of the Texas shelf by a cyclone-anticyclone eddy pair.  Water was 
transported onto the shelf between the rings, and water was drawn from the shelf on the ring’s 
perimeters. 
 
 Mesoscale hydrographic features (e.g., cyclone-anticyclone eddy pairs) within the 
GOM can also result in "hot spots" of plankton and micronekton communities.  Hot spots are 
created as a result of the enhanced vertical mixing, which occurs at the edges of the eddy pairs, 
introducing locally high nutrient levels to the surface of deepwater ocean regions.  In fact, the 
periphery region of high-velocity surface currents that surrounds both the cyclonic and the 
anticyclonic eddies includes zones of locally high vertical shear.  In the CZCS ocean color 
climatology from 1978 to 1985 and in imagery from the current generation ocean color sensor 
(i.e., Sea Wide-Field Scanner, or SeaWiFS; in orbit since November 1997), the periphery of the 
Loop Current and of the anticyclonic Loop Current eddies are evident.  These eddies, 
measuring 200 to 300 km (124 to 186 mi) in diameter, are often seen to be outlined by surface 
pigment concentrations that are two- to three-fold higher than the extremely low concentrations 
(i.e., 0.04 to 0.06 mg/m3) in the interior of these features.  The Texas shelf/slope is considered 
to be a "graveyard" for these rings after they have migrated across the shelf (Brooks, 1984; 
Biggs, 1992). 
 
 Additional research has revealed that cyclonic and anticyclonic eddies can also 
affect the productivity and biomass in associated water masses due to the strong frontal 
gradients between these features.  Biggs et al. (1997) and Lopez-Salgado et al. (2000) noted 
that copepod density, diversity, and species richness were higher in a cyclone than outside or 
within an anticyclone.  Lee et al. (1991) have shown that meanders and eddies in the Gulf 
Stream are often marked by local aggregations of phytoplankton and Atkinson and Targett 
(1983) have noted that elevated fish stocks appear to concentrate in such areas.  Kimura et al. 
(1997, 2000) and Nakata et al. (2000) have shown that the presence of eddies associated with 
the Kuroshio Current leads to an intensification of local biological production (primary production 
as well as zooplankton and fish production). 
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 Since 1982, the Southeast Area Management and Assessment Program (SEAMAP) 
has made over 2,000 deepwater collections of zooplankton and micronekton in the GOM to 
survey for ichthyoplankton (i.e., eggs and larvae) of commercially important fish species.  Data 
reports for the SEAMAP program have been produced each year, but there has been no 
summary of the interannual or decadal variability of the data.  Recently, Lamkin (1997) used 
6 yr of SEAMAP data (i.e., covering the period 1983 to 1988) in an investigation of the frontal 
zones associated with the northern excursions of the Loop Current.  Lamkin (1997) found a 
positive correlation between the abundance of larval nomeid fishes and the location of the 
northern edge of the Loop Current.  In particular, Cubiceps pauciradiatus has adult spawning 
grounds and larval habitats closely related to sharp temperature gradients. 
 
 Park (1979) described the zooplankton community of the South Texas continental 
shelf.  The dominant groups of zooplankton included Copepoda, Larvacea, Mollusca, 
Ostracoda, and Chaetognatha with copepods comprising 50% to 65% of the community.  
Dominant species of adult copepods included Paracalanus indicus, P. quasimodo, Acartia 
tonsa, Oncaea media, Paracalanus crassirostris, and Clausocalanus furcatus.  Park (1979) also 
noted that density decreased with distance from shore and seasonal peaks occurred in the 
spring and fall. 
 
 Fish larvae other than Cubiceps pauciradiatus also appear to vary in abundance in 
relation to mesoscale hydrographic features (Kelley et al., 1990).  Larvae of apex predators like 
bluefin and yellowfin tuna seem to be most abundant along Loop Current frontal zones and 
within eddy peripheries (Richards et al., 1989), and the adults, as well, can be caught in such 
frontal zones. 
 
 Because the interiors of the anticyclones are areas of convergence, the upper 
100 m (328 ft) or so of the water column in both Loop Current and Loop Current eddies are 
areas in which surface waters are infrequently renewed and thus are depleted of nitrogen and 
phosphorus nutrients (Biggs, 1992).  The interiors of these regions of convergence are generally 
regarded as biological "ocean deserts." In contrast, the cyclonic cold-core eddies (i.e., local 
areas of divergence), which are frequently associated with these anticyclones, represent areas 
of higher biological productivity and upwelling. 
 
 Subsurface sampling of these GOM eddies from ships showed there was a highly 
predictable negative first-order relationship between temperature <22oC and nitrate 
concentration.  Temperature could thus be used as a proxy for nitrate concentration, and in 
particular the depth of the 19oC isotherm was a good estimation of the depth of the 10 µM 
nitrate concentration (Biggs et al., 1988).  Within one cyclone sampled in 1996, the nitracline 
was domed 40 to 60 m (131 to 197 ft) shallower than within the Loop Current Eddy that was 
sampled concurrently (Zimmerman and Biggs, 1999).  During the GulfCet II research program, 
which was co-sponsored by the U.S. Geological Survey and MMS, net sampling and 
bioacoustic survey work showed the cyclone (but not the Loop Current Eddy) had locally higher 
standing stocks of zooplankton and micronekton (Davis et al., 2000; Wormuth et al., 2000).  
Additional information may also be found in Cady (2001) and Ressler (2001). 
 
 Al-Abdulkader (1995) and Lambert et al. (1999) have examined the phytoplankton 
composition of the Texas shelf.  Al-Abdulkader (1995) concluded that nanoplankton dominated 
the phytoplankton population on the Texas-Louisiana shelf, followed by the picoplankton, and 
then the netplankton.  Dominant groups included diatoms during the spring and winter, 
particularly on the inner shelf.  During the summer, the blue-green alga Trichodesmium 
thiebautii dominated the population, especially on the outer shelf.  Similarly, Lambert et al. 
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(1999) reported that diatoms and cyanobacteria dominated the Texas shelf waters while, 
cyanobacteria, pelagophytes, and prymnesiophytes dominated the Texas slope waters.  
Additionally, the presence of a warm-core eddy was believed to be responsible for changes in 
phytoplankton composition in slope waters during the study. 
 
 In summary, cyclone-anticyclone pairs influence the deepwater GOM as well as the 
Texas shelf/slope, playing an important role in determining biogeographic patterns and in 
controlling population ecology in the Gulf.  The fisheries potential of the cyclonic features and of 
the frontal zones of both types of eddies is becoming better understood now that these have 
been identified as deepwater "hot spots" of productivity and as concentrating mechanisms for 
higher trophic levels as well as apex predators such as game fish, seabirds, and cetaceans 
(Biggs et al., 2000; Davis et al. 2000; Wormuth et al., 2000; Biggs and Ressler, 2001).  Primary 
productivity on the shelf is "discharge driven," underscoring the influence of freshwater outflow 
from major rivers in the region. 
 
3.2.6.2 Invertebrate Nekton 

SEAMAP data from 2000 (Gulf States Marine Fisheries Commission, 2002) 
revealed that the continental shelf surrounding the Gulf Landing Project area supports three 
species of commercially important squid.  These are Loligo pealei (longfin inshore squid), Loligo 
plei (arrow squid), and Lolliguncula brevis (Atlantic brief squid). 
 

Lolliguncula brevis is a small squid with a maximal mantle length of approximately 
90 mm and is normally associated with low-salinity water to a depth of 20 m (66 ft).  L. pealei 
and L. plei reach mantle lengths of 284 mm and 250 mm, respectively.  L. plei is primarily 
caught between 20 and 75 m (66 and 246 ft) in salinities exceeding 30 ppt, while L. pealei is 
typically found between 40 and 183 m (131 and 600 ft) in salinities greater than 33 ppt (Hixon et 
al., 1980). 
 

Spawning by these species occurs all along the coast in nearshore waters, and the 
eggs are laid in large communal masses by aggregations of adults that may contain hundreds of 
thousands of individuals (Hanlon, 1998).  While spawning occurs throughout the year, it peaks 
during summer and autumn (Hanlon and Messenger, 1996).  The short lifespan of these squid 
(approximately 1-2 yr [Boyle, 1987]), combined with their rapid growth and capacity to spawn 
year-round, leads to a seasonally dynamic resource encompassing episodic population 
expansions and collapses (O’Dor and Coelho, 1993).  The potential for recruitment overfishing 
of the stock is substantial because recruitment to the fishery and to the spawning stock occurs 
during the same year.   
 
3.2.7 Coastal Habitats 

3.2.7.1 Coastal Barrier Beaches and Associated Dunes 

 Coastal barrier landforms of the GOM consist of the islands, spits, and beaches that 
extend in an irregular arch from Naples, Florida, westward to the U.S./Mexico border in Texas.  
These elongated, narrow landforms are composed of sand and other unconsolidated coarse 
sediments that have been transported to their present location by rivers, waves, currents, storm 
surges, and winds.  Coastal landforms are transitory in nature and are constantly being sculpted 
and modified by the same forces that led to their original deposition. 
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 Inshore of the proposed Gulf Landing LNG regasification terminal, barrier islands 
and landforms occur in two settings.  From east to west these are (1) the Mississippi River 
deltaic barrier islands; and (2) the barriers and beaches of Chenier Plain, Louisiana. 
 
 Barrier islands found along the Mississippi River Deltaic Plain were built and have 
been sustained by the series of overlapping river deltas that have extended onto the continental 
shelf over the last 6,000 yr.  Barrier island transgression or regression along the deltaic plain of 
the Mississippi River depends upon what stage of the cycle the nearby land mass is 
experiencing.  If the nearby delta is in the expanding stage, the deposits being pushed out onto 
the shelf are regressive.  Once the river channel changes, subsidence and sea-level rise begin 
to convert these sediments in transgressive deposits as waves and washover channels form 
and divide barrier islands. 
 
 The coast of Chenier Plain is composed of sand beaches and coastal mudflats.  The 
extensive mudflats seen in this area are the result of fine particle deposition from both the 
Mississippi and the Atchafalaya Rivers, where mud and fine particles are carried westward by 
the prevailing current.  In some cases, this fluid-saturated mud extends several hundred meters 
seaward from the edge of the salt marsh communities found along the shore, absorbing wave 
energy and helping to protect these coastal wetland communities.  Beaches in the Chenier Plain 
area are thin sand deposits present along the seaward edge of the marsh.  The coastline of the 
Chenier Plain is relatively stable at this time. 
 
 The Texas coastline to the west of the Gulf Landing location represents a 
continuation of the Chenier Plain, however, the beaches and shoreline sediments present in this 
region are in a state of transgression.  Thin accumulations of sand, shell, and caliche nodules 
form beaches that are migrating landward over tidal marshes.  These beaches have poorly 
developed dunes and numerous washover channels. 
 
3.2.7.2 Wetlands 

 Wetland habitats along the northern coast of the GOM consist of seagrass beds; 
fresh, brackish, and salt marshes; mudflats; forested wetlands of hardwoods; and 
cypress-tupelogum swamps.  Wetland habitats may occupy only narrow bands along the shore, 
or they may cover vast expanses of the coastline.  Seagrass beds, if present, are seen offshore 
in shallow water, while marshes interface between marine and terrestrial habitats, and forested 
wetlands are found inshore, away from direct contact with the water. 
 
 High organic productivity, high detritus production, and extensive nutrient recycling 
characterize coastal wetlands.  The wetlands environment provides habitat for a vast number of 
invertebrate, fish, reptile, bird, and mammal species.  Two-thirds of the high-value fishes caught 
in the GOM spend at lease some portion of their life cycle in the nearshore seagrass beds or 
salt marshes (USDOI, MMS, 1990a). 
 
 A majority of the coastal wetlands present in the GOM are found in Louisiana, where 
they occur in two physiographic provinces: (1) the Mississippi River Deltaic Plain; and (2) the 
Chenier Plain, which forms the Louisiana coastline directly inshore of the Gulf Landing Project.  
The Texas coast from the Louisiana border to the Bolivar Peninsula (just north of Galveston 
Bay) is also physiographically part of the Chenier Plain. 
 
 Existing wetlands in the Mississippi Deltaic Plain have formed over the last 6,000 yr 
atop of a series of overlapping riverine deltas.  These wetlands developed in shallow areas that 
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received flow and sediments from the Mississippi River.  The effects of sea level rise and high, 
natural subsidence of these organically rich sediments are continually impacting these wetlands 
(van Beek and Meyer-Arendt, 1982).  Wetland areas located near the active channel of the 
Mississippi tend to expand, whereas those formed by older, abandoned channels tend to erode.  
Louisiana has the most rapidly retreating shoreline in the nation, with some estimates reaching 
as high as an average of 4 m (13 ft) per year (U.S. Geological Survey, 1988).  The most rapid 
rate of shoreline retreat is seen along the Mississippi River Deltaic Plain (Williams et al., 1992). 
 
 The Chenier Plain, directly inshore of the proposed Gulf Landing LNG regasification 
terminal, lies to the west of Atchafalaya Bay, and is composed of a series of sand and shell 
ridges formed as sand dunes during the last ice age.  These ridges are now separated by 
progradational mud flats, marshes, and open water.  Localized sedimentation conditions have 
favored deposition in the Chenier Plain area. 
 
 Deterioration of wetlands, particularly along the Louisiana coastline, is an issue of 
concern (USDOI, MMS, 1997b, 2002).  Several factors have contributed to the loss of wetlands 
in coastal Louisiana.  Levee construction and efforts to conserve topsoil have reduced the 
Mississippi River’s sediment load by 50% since the 1950's.  Construction of ring levees has 
allowed drainage and development of vast wetland acreage.  Development activities in low 
areas outside levees have caused wetlands to be filled in.  Canals built for navigation and 
shoreline access have raised spoil banks where wetlands once existed.  Canals have allowed 
greater impacts of tidal flushing in the fresh and brackish water marshes, resulting in wetland 
loss, shifts in species composition, and habitat deterioration (Turner and Cahoon, 1987; Britsch 
and Kemp, 1990). 
 
3.2.7.3 Submerged Seagrass Beds 

 Seagrass beds are extremely productive marine habitats that support a 
tremendously complex ecosystem.  They provide nursery grounds for vast numbers of 
commercially and recreationally important fisheries species, including shrimp, black drum, 
snappers, groupers, spotted sea trout, southern flounder, and many others. 
 
 Seagrasses grow on sand bottoms in sallow, relatively clear water in areas with low 
wave energy.  There are over 7,413,000 acres of seagrass in the GOM.  Approximately 
98.5% of the seagrass beds in the GOM are located in the eastern Gulf, off the coast of Florida 
(USDOI, MMS, 1996).  The shoreline along the Chenier Plain inshore of the proposed Gulf 
Landing LNG regasification terminal is not conducive to seagrass growth, and no significant 
seagrass beds are seen in this area. 
 
3.3 SOCIOECONOMIC ENVIRONMENT 

3.3.1 Commercial and Recreational Fishing 

3.3.1.1 Commercial Fisheries 

 The GOM is one of the most productive fishery regions in the world (Grimes, 2001).  
In addition to being productive, a wide variety of species are caught and landed in the GOM 
commercial fisheries.  Browder et al. (1991) estimate that the fishery includes at least 
97 species from 33 families.  They considered the most important species groups to be oceanic 
pelagic (epipelagic) fishes, reef (hard bottom) fishes, coastal pelagic species, and estuarine 
dependent species.  Primary estuarine dependent species targeted are menhaden, penaeid 
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shrimps (brown, white, and pink), and blue crab (oysters are important, but not considered here 
because they are harvested exclusively in inshore waters).  Targeted species from the other 
groups include yellowfin tuna and swordfish (highly migratory or epipelagic); king and Spanish 
mackerel (coastal pelagic); and snappers and groupers (hard bottom).  The project area 
produces fishery landings from all of these species groups. 
 
 To characterize the commercial fisheries of the Gulf Landing Project area, landings 
data were obtained from the NMFS.  NMFS collects landings data within a series of contiguous 
grids (1 to 21) that cover the Federal waters of the GOM from Key West to the Mexican border.  
These grids are used to track spatial patterns in fishery landings around the GOM.  For this 
report, data were obtained from Statistical Grids 16, 17, and 18, which extend from central 
Louisiana to eastern Texas, thus encompassing the project area and surrounding waters.  
Annual landings data for the years 1996 to 2000 were analyzed for this report (NMFS, 2003). 
 
 The highest total landings during each year between 1996 and 2000 were recorded 
for Grids 17 and 18 (Table 3.15).  The overall average for both grids combined was over 
40 million lb of fish and invertebrates landed.  Invertebrates represented most of the weight of 
the reported landings.  Shrimps, blue crabs, and oysters (from Grid 18 only) accounted for over 
90% of the average weight landed in these two grids over the 1996 to 2000 period.  Fishes 
contributing to the landings were red snapper, vermilion snapper, yellowfin tuna, and king 
mackerel. 
 
Table 3.15.  The top species in the commercial landings averaged for years 1996 to 2000 from 

National Marine Fisheries Service Statistical Grids 17 and 18. 
 

Grid 17 Grid 18 Species 
Average Percent Average Percent 

Shrimp 13,037,614 87 16,432,699 63 
Oyster -- -- 4,682,353 18 
Blue crab 1,585,778 11 1,883,813 7 
Red snapper 80,375 1 998,960 4 
Other shrimps 24,663 <1 998,878 4 
Vermilion snapper 27,510 <1 224,287 1 
Yellowfin tuna 9,463 <1 162,623 1 
King mackerel 159 <1 247,779 1 
Menhaden 514,817 3   
Rock shrimp 63,130 <1 24,185 <1 
Blue runner 4,027 <1 21,173 <1 
Finfishes (unclassified) 3,768 <1 23,823 <1 
Total 15,351,304  25,700,573  

 
 Each species or species group is caught using various methods and gear types.  
The most common commercial gear types used in the area are bottom trawl (shrimps), traps 
(blue crab), tongs and dredges (oysters), hook and line (snappers, groupers, and king 
mackerel), surface longline (yellowfin tuna), and bottom longline (groupers and tilefish).  Of 
these, trawling and hook and line are most commonly used in shelf waters.  Trapping for blue 
crab, and tonging and dredging for oysters take place primarily in inshore waters.  Bottom and 
surface longlining occur in waters of the shelf break or deeper.  This is generally out of the Gulf 
Landing Project area. 
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 The average values of commercial fishery landings for NMFS Statistical 
Grids 17 and 18 are given in Table 3.16.  In both grids, the most important species in terms of 
value was shrimp.  In Grid 17, shrimp accounted for 96% of the average landings value, and 
blue crab contributed another 3%.  In Grid 18, shrimp contributed 68% followed by oysters 
(20%), red snapper (4%), unclassified shrimp (3%), blue crab (2%), vermilion snapper (1%), and 
yellowfin tuna (1%). 
 
Table 3.16.  The top species landed in National Marine Fisheries Service Statistical 

Grids 17 and 18, ranked by average dockside dollar value of annual landings for 
1996 to 2000. 

 
Grid 17 Grid 18 Species 

Average Percent Average Percent 
Shrimp 35,888,501 96 36,650,566 68 
Oysters   10,716,100 20 
Red snapper 150,334 <1 1,917,588 4 
Shrimp (unclassified) 40,240 <1 1,741,541 3 
Blue crab 1,092,014 3 1,209,457 2 
Vermilion snapper 45,779 <1 426,936 1 
Yellowfin tuna 25,514 <1 392,004 1 
King mackerel 167 <1 341,157 <1 
Amberjack   124,125 <1 
Minnows 59,262 <1 32,811 <1 
Rock shrimp 52,133 <1 24,310 <1 
Finfish (unclassified) 43,603 <1 21,211 <1 
Menhaden 30,889 <1   
Total 37,397,547  53,597,806  
 
3.3.1.2 Recreational Fisheries 

 Marine recreational fisheries in the area can be categorized into groups reflecting 
fishing modes such as shore, pier, or vessel (private/rental and charter boats).  Fishing from 
shore is primarily done in inland waters and will not be directly affected by the proposed project.  
Recreational fishing from either private/rental or charter vessels is the mode that will be most 
affected by the Gulf Landing Project.  The data used to characterize marine recreational 
fisheries in the Gulf Landing Project area were from NMFS’s Marine Recreational Fisheries 
Statistical Survey (MRFSS).  Data on numbers of fish caught by species are generated through 
random telephone interview and dockside intercept surveys of private/rental and charter boat 
operators made throughout the GOM (excluding Texas).  Data presented here were obtained 
from the MRFSS website (NMFS, 2003).  The tables include estimated numbers of fish caught 
by recreational anglers fishing from private/rental and charter boats in Federal waters (the 
Economic Exclusion Zone [EEZ]) offshore of Louisiana.  These data are compiled for the entire 
coast of Louisiana and are meant to provide a general picture of offshore recreational fishing 
that is expected for the Gulf Landing Project area, not a site-specific account. 
 
 The data show that species most commonly caught by private/rental vessels 
offshore of Louisiana are red snapper, spotted seatrout, blue runner, saltwater catfishes, red 
drum, and sheepshead (Table 3.17).  These species associate with offshore structures and 
reflect that as a primary fishing location for anglers fishing from private/rental vessels.  Charter 
vessels caught a similar suite of species during the same 1997 to 2001 period with red snapper, 
spotted seatrout, and red drum ranking highest in terms of numbers caught (Table 3.18).  
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Table 3.17.  Estimated number of fish caught by recreational anglers from private/rental vessels 
off Louisiana from 1997 to 2001 (Source: National Marine Fisheries Service, 
Marine Recreational Fisheries Statistical Survey, 2003). 

 
Species Name 1997 1998 1999 2000 2001 Total 

Red snapper 132,704 119,166 254,991 143,987 70,466 721,314
Spotted seatrout 233,708 38,985 77,838 108,475 148,588 607,594
Blue runner 2,842 49,251 67,030 121,548 83,082 323,753
Saltwater catfishes 83,861 12,355 50,816 82,798 12,190 242,020
Red drum 53,058 39,609 35,956 38,393 44,561 211,577
Sheepshead 57,609 2,571 29,830 55,063 2,192 147,265
Triggerfishes/Filefishes 14,478 3,955 40,306 70,894 16,323 145,956
Sand seatrout 14,059 22,873 16,092 73,263 8,065 134,352
Gray snapper 4,848 15,940 40,347 22,468 40,306 123,909
Other fishes 48,298 12,486 19,855 25,029 7,792 113,460
Other sharks 19,073 35,986 11,125 24,598 9,222 100,004
Other tunas/mackerels 6,328 27,299 30,636 2,934 31,122 98,319
Bluefish 57,369 2,444 10,102 6,754 20,075 96,744
Greater amberjack 4,675 717 28,378 40,126 73,896
Spanish mackerel 18,831 607 16,447 23,373 807 60,065
Little tunny/Atlantic bonito 4,681 1,921 10,908 13,645 23,088 54,243
Dolphins 33,135 9,376 4,019 7,549 54,079
Atlantic croaker 9,972 16,367 10,819 4,168 8,112 49,438
King mackerel 17,404 5,509 2,487 10,712 6,452 42,564
Black drum 9,028 7,900 9,248 12,346 2,847 41,369
Mycteroperca groupers 5,969 1,836 19,792 1,800 5,965 35,362
Florida pompano 13,668 1,385 1,461 16,514
Vermilion snapper 4,726 2,461 1,868 6,150 15,205
Other snappers 774 9,727 540  11,041
Epinephelus groupers 9,801 692  10,493
Other drum 712 8,966  9,678
Mullets 7,515 1,313  8,828
Other jacks 2,173 1,313 3,528 1,613 8,627
Southern flounder 1,230 1,318 2,465 1,477 6,490
Crevalle jack 712 2,559 540 2,282 6,093
Lane snapper 2,514 1,851 1,613 5,978
Other sea basses 4,624 676  5,300
Toadfishes 712 2,385 1,695  4,792
Skates/rays 3,238 1,390  4,628
Pinfishes 3,296  3,296
Barracudas 813 2,045  2,858
Herrings 2,077  2,077
Eels 1,243 751 1,994
Freshwater catfishes 774  774
Other flounders 676  676
Other wrasses 626  626
Pigfish 289  289
Total 857,636 429,076 825,747 886,804 604,277 3,603,540
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Table 3.18.  Estimated number of fish caught by recreational anglers from charter boats off 
Louisiana from 1997 to 2001 (Source: National Marine Fisheries Service, Marine 
Recreational Fisheries Statistical Survey, 2003). 

 
Species Name 1997 1998 1999 2000 2001 Total 

Red snapper 80,368 43,997 10,680 23,782 12,203 171,030
Spotted seatrout 55,494 35,195 380 51,049 142,118
Red drum 20,275 5,283 705 13,615 8,544 48,422
Dolphins 34,937 34 1,558 4,928 2,543 44,000
Other tunas/mackerels 771 7,513 4,469 6,069 12,325 31,147
Saltwater catfishes 9,180 12,063 459 632 5,896 28,230
Gray snapper 2,287 2,436 1,069 15,576 5,003 26,371
Other sharks 3,762 2,229 433 7,853 3,912 18,189
Other fishes 9,069 2,413 2,629 2,391 1,436 17,938
Greater amberjack 3,746 795 1,611 3,777 7,147 17,076
Blue runner 6,558 36 2,329 1,722 1,616 12,261
Little tunny/Atlantic bonito 1,556 852 1,609 6,114 1,973 12,104
Triggerfishes/filefishes 2,662 3,322 48 2,434 779 9,245
Sand seatrout 4,201 2,705 280 1,648  8,834
Sheepshead 8,192 356 8,548
Bluefish 3,297 2,539 396 728 529 7,489
King mackerel 3,080 1,978 408 393 388 6,247
Crevalle jack 1,347 2,243 547 207 4,344
Mycteroperca groupers 474 547 442 1,031 585 3,079
Other jacks 1,004 505 238 828 460 3,035
Black drum 1,830 75 172 32 2,109
Southern flounder 1,349 627 1,976
Spanish mackerel 1,391 86  1,477
Pinfishes 617 75 221  913
Barracudas 25 88 537 650
Kingfishes 605 36  641
Lane snapper 478 70 74  622
Toadfishes 425 79  504
Vermilion snapper 215 75 173  463
Skates/rays 212 88 80 380
Epinephelus groupers 97 68 212 377
Atlantic croaker 139 75 147  361
Other drum 139 196  335
Other sea basses 159  159
Eels 142  142
Total 259,521 127,398 29,870 95,588 118,439 630,816
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Following these three species were dolphins, other tunas/mackerels, saltwater catfishes, and 
gray snapper. 
 
 Based upon the MRFSS data, recreational fishers off Louisiana primarily fish for 
bottom dwelling species (red snapper, spotted seatrout, triggerfish/filefishes, and saltwater 
catfishes).  Based upon the catch composition the private/rental vessels appear to focus on 
bottom fishing, probably around oil and gas platforms (Table 3.17).  The presence of dolphins 
and other mackerels higher on the list for charter vessels suggests that charter vessels may 
venture farther from shore seeking pelagic species by surface trolling (Table 3.18). 
 
 Private/rental vessels accounted for most of the estimated recreational trips made 
offshore Louisiana during the 1997 to 2001 period (Table 3.19).  For this period, the number of 
recreational trips made by private/rental vessels averaged 86,237, whereas the estimated 
number of trips made by charter vessels averaged 12,885. 
 
Table 3.19.  Estimated number of trips made by recreational anglers offshore Louisiana from 

1997 to 2001 (Source: National Marine Fisheries Service, Marine Recreational 
Fisheries Statistical Service, 2003). 

 
Year Mode 

1997 1998 1999 2000 2001 
Total 

Private/rental 91,225 61,522 112,762 80,433 85,243 431,185
Charter 15,554 12,286 7,993 12,564 16,026 64,423
Total 106,779 73,808 120,755 92,997 101,269 495,608

 
3.3.2 Oil and Gas Exploration and Production 

 The GOM region exhibits one of the highest concentrations of oil and gas activity in 
the world.  The domestic oil and gas industry has experienced moderate to severe fluctuations 
over the past several decades.  EISs developed for several recent MMS lease sales for the 
central and western Gulf region provide abbreviated, concise synopses of historical trends in 
mobile rig utilization, leased acreage, and oil and gas wellhead prices for the period 1974 to 
1995, as well as OCS oil and gas production figures for offshore Texas and Louisiana for the 
period 1954 to 1995 (USDOI, MMS, 1997a, 1998, 2002).  At present, industry streamlining 
(e.g., company reorganization, corporate acquisitions) coupled with royalty relief and new 
exploration and extraction technologies have resulted in renewed interest in offshore reserves.  
 
 This high level of oil and gas activity on the OCS and nearshore State or territorial 
waters is supported by an extensive network of onshore support and service facilities.  Refining, 
separation, and processing facilities are present to handle natural gas and crude oil produced 
offshore or tankered into Gulf coast ports or via Louisiana Offshore Oil Port (LOOP).  Offshore 
infrastructure includes oil and gas platforms, pipelines, and terminals, which route their 
production to onshore facilities.  Support facilities include pipecoating and storage yards, 
support bases and airports, and platform and construction yards.  It is expected that the Gulf 
Landing LNG regasification terminal and its supporting operations will use, to the greatest extent 
possible, the existing infrastructure of support and service facilities, as well as the extensive 
onshore natural gas transport system capabilities of the Gulf coast region. 
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3.3.3 Marine Shipping 

The central and western GOM are utilized extensively by commercial shipping 
interest.  The magnitude of offshore oil and gas activities (e.g., tankering of crude oil, oil and gas 
supply, and support vessel operations) and shipping operations through Gulf ports has led to 
the establishment of a series of safety fairways, or vessel traffic separation schemes, and 
anchorages to provide unobstructed approaches for vessels using U.S. ports (USDOI, MMS, 
1990b).  Shipping safety fairways are lanes or corridors in which no fixed structure, whether 
temporary or permanent, is permitted.  Fairway anchorages are areas contiguous to and 
associated with a fairway in which fixed structures may be permitted within certain spacing 
limitations (33 CFR 166).  All offshore structures, including any proposed LNG regasification 
terminals, must be adequately marked and lighted.  After structures are in place, they often 
become landmarks and aids to navigation for vessels that regularly operate in the area (USDOI, 
MMS, 1990a). 

 
There are 15 Gulf Coast ports that handle between 10 million and 275 million tons of 

cargo annually.  Eight of these ports – Corpus Christi, Houston, Texas City, Beaumont, Lake 
Charles, New Orleans, Mobile, and Tampa – are among the top 25 ports in the U.S. in terms of 
cargo tonnage.  The Texas and Louisiana ports mentioned above receive a total of over 
18,200 vessel calls per year, of which 12,600 are petroleum tankers of various sizes.  At the 
present time, the total tanker vessel traffic in the GOM is estimated to include 15,220 foreign 
and 1,114 domestic tanker vessels transiting into U.S. ports per year.  These figures 
demonstrate the extent to which petroleum import activities dominate marine transportation in 
the GOM  (USDOI, 2001). 
 
3.3.4 Cultural Resources 

3.3.4.1 Prehistoric Resources 

 At the end of the Pleistocene epoch, approximately 12,000 yr ago, much of Earth’s 
water was locked up in continental glaciers, and sea levels at that time were approximately 
60 m (33 fathoms; 197 ft) below present levels.  The onset of the Holocene, defined as global 
amelioration of the climate, resulted in melting of the glaciers, release of glacial meltwaters, 
eustatic sea rise, and global marine transgressions.  Between 12,000 and 4,000 yr before 
present, large coastal areas, which in theory could have contained prehistoric sites, were 
inundated.  
 
 Currently unknown prehistoric remains may be extant in depths less than 60 m 
(197 ft) and along the modern shorelines.  Both the alternative locations for the Gulf Landing 
LNG regasification terminal fall within this depth range. 
 
3.3.4.1.1 West Cameron Block 213 
 
 Based on the seismic data collected during the C&C Technologies (2003) survey of 
Block 213, there are approximately 7 m (23 ft) of Holocene sediments covering the proposed 
project area.  Paleo-indian cultures could have occupied Block 213 prior to inundation by rising 
sea levels approximately 10,000 YBP.   
 
 The C&C Technologies (2003) subbottom data indicate two generations of relict 
channels with the survey area.  Areas along ancient stream beds and channels are considered 
high probability areas for possible prehistoric archeological sites.  The second generation, or 
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most recent set of channels observed in Block 213 are buried between 3.66 and 5.18 m (12 and 
17 ft) below the current seafloor.  The first generation, or oldest set of channels, lie 6.4 to 8.5 m 
(21 to 28 ft) below the current seafloor.  The margins around these channels are heavily eroded, 
and no intact landforms such as natural levees, which might indicate suitable areas for intact 
prehistoric sites, were observed.  Based on this data, the C&C Technologies (2003) 
Archeological Assessment concluded these areas had a low prehistoric archeological potential. 
 
3.3.4.1.2 West Cameron Block 183 
 
 The Gulf Ocean Services, Inc. (1990) geophysical survey in Block 182 indicated 
numerous buried channel segments across that survey area, and it is reasonable to assume 
these buried channels extend into Block 183.   Based on published research and the 
interpretations of the Gulf Ocean Services, Inc. (1990) geophysical data, SOPA Underwater 
Archaeology rated the possibility of finding significant prehistoric cultural resources in 
Block 182 as "probable."  Within the numerous buried channel segments, there are geomorphic 
features indicative of prehistoric site potential.  Specifically, these features include apparent 
point bar migrations, ridges, back slopes, and possible levee structures (SOPA Underwater 
Archaeology report in Gulf Ocean Services, Inc., 1990).  
 
3.3.4.1.3 Take-Away Pipelines 
 

The pipeline route survey identified some relatively intact first generation buried 
channels, where archeological deposits may be present. Trenching of the proposed pipelines, to 
provide 0.9 m (3 ft) of cover, is not expected to adversely affect these features, which downcut 
from 1.5 to 4.6 m (5 to 15 ft) below the seafloor.   
 
3.3.4.2 Historical Resources 

 An MMS-funded study (Garrison et al., 1989) has determined that there are more 
than 4,000 historical shipwrecks in the northern GOM.  The positions of the historically known 
shipwrecks are identified on maps with varying degrees of accuracy, and few of them have 
actually been located on the sea bottom.  Statistical analysis demonstrated that most of the 
shipwrecks are likely to be located in relatively shallow water in two types of environment: sea 
bottoms within 1 km (0.62 mi) of the shoreline, and sea bottoms in proximity to ports, barrier 
islands, and other locations of frequent ship loss. 
 
3.3.4.2.1 West Cameron Block 213 
 
 Thirty-four unidentified magnetic anomalies and seven unidentified sonar targets 
were recorded in Block 213.  Three of these unidentified magnetic anomalies exhibited 
characteristics consistent with possible historical remains.  Due to the size of the amplitude and 
duration of three of these magnetic anomalies, C&C Technologies (2003) recommended that 
they be avoided during construction of the Gulf Landing LNG regasification terminal.  These 
anomalies will be avoided by at least 61 m (200 ft) during all phases of Gulf Landing 
construction, operation, and eventually decommissioning.  
 
 It is still possible that shipwreck remains exist undetected in the project area.  If 
wood beams, planking, or other possible cultural materials are encountered during construction 
activities associated with the Gulf Landing LNG regasification terminal, the governing Federal 
agency will be notified immediately for an assessment of potential antiquities of historical 
significance.  
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3.3.4.2.2 West Cameron Block 183 
 
 Fifty magnetic anomalies were detected in the Gulf Ocean Services, Inc. (1990) 
survey of Block 182 that could not be positively identified.  These anomalies could be modern 
cultural material associated with oil and gas activity, geological phenomenon, or lost historical 
material of unknown significance (SOPA Underwater Archaeology report in Gulf Ocean 
Services, Inc., 1990).  
 
3.3.4.2.3 Take-Away Pipelines 
 

Archeological surveys along the pipeline routes showed one side-scan sonar 
contact with potential historical resource significance.  Avoidance criteria of 30 m (100 ft) were 
established for this single sonar contact and two associated magnetic anomalies identified in 
West Cameron Block 203. 
 
3.3.5 Military Uses 

 The surface and airspace of large areas of the GOM are used extensively by the 
military for testing, evaluation, training, and qualification of aircraft, vessels, weapon systems, 
and personnel.  Military operations may be conducted within nearshore or offshore waters 
throughout the GOM, staged either from onshore facilities (e.g., from an air station or air base) 
or as part of offshore fleet operations (e.g., routine fleet activities, special or joint maneuvers).  
Although located at a distance from designated Military Warning Areas (MWAs) and Navy 
bases, U.S. Navy assets are operational on a transitory basis near the project site; assets 
include surface vessels, submarines, and aircraft, typically operating between a shore base and 
offshore waters.  The U.S. Coast Guard conducts routine activities and search-and-rescue 
operations using both surface vessels and aircraft.  Similarly, the U.S. Air Force may conduct 
aerial operations over the deepwater region of the Gulf (e.g., W-602). 

 
 Military activities in the GOM have been extensively summarized in USDOI, MMS 
(1997b, 1998, 1999).  These activities normally consist of various air-to-air, air-to-surface, and 
surface-to-surface fleet-training and air force exercises.  In addition to carrier operations, 
air-to-air, air-to-surface and subsurface operations, the Navy uses the Gulf for shakedown 
cruises on newly built ships, and for ships completing overhaul or extensive repairs in Gulf 
shipyards, such as those located in Pascagoula, Mississippi.  No aircraft carriers or submarines 
are currently home-ported or stationed in the Gulf, but may from time-to-time conduct operations 
there.  MWAs in the GOM are designated by the Federal Aviation Administration (FAA) for use 
by various Air Force, Navy, and Air National Guard units.  The airspace over MWAs is FAA 
Special Use Airspace reserved for military use, and FAA air traffic controllers may prohibit 
unauthorized aircraft from entering MWAs.  Lessees (including their contractors  and agents) 
are required to coordinate with military commanders or the designated FAA office if their 
activities involve penetrating MWAs.  The specific boundaries, authorized activities, and military 
command contacts for each MWA are available in appropriate U.S. Air Force Flight Information 
Publications and Navy Fleet Training Area Range Manuals (e.g., Department of the Navy, 
1998).  Figure 3.10 illustrates MWAs in the GOM relative to the project site.  MWAs W-228, 
W-602, and W-92 are located a good distance away from the project site, so activities in either 
area are not likely to conflict with other uses. 
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 Under Department of Defense (DOD) and Department of the Interior (DOI) 
agreements, lease activities in MWAs may be under Military Areas Stipulations, which include 
hold and save harmless, electromagnetic emissions, and operational sections to reduce 
potential multi-use conflicts.  The stipulations promote safety and reduce interference between 
operations but do not reduce or eliminate the actual physical presence of oil and gas operations 
in areas where military operations are conducted.  Except for a few areas and activities, detailed 
information on the level of present and future levels of military activity in the MWAs is not 
available.  The lease stipulations and Memorandums of Understanding (MOUs) between DOD 
and MMS have been effective in avoiding multi-use conflicts over a period of many years.  The 
project site is not located in a block that contain stipulations. 
 
3.3.6 Onshore Socioeconomic Conditions and Concerns 

 The coastal zone of the northern GOM is not a homogeneous unit in terms of its 
physical, cultural, or economic characteristics (USDOI, MMS, 1997a; 2002).  Community size is 
extremely variable, ranging from rural to heavily urbanized.  Various researchers have 
characterized oil and gas boom and bust cycles and documented associated increases in social 
complexity (e.g., England and Albrecht, 1984; Gramling and Brabant, 1986).  Nevertheless, the 
oil and gas industry has played a major role in the lives of Gulf coast residents for several 
generations.  Prior examinations of the impacts of OCS oil and gas activities on coastal counties 
and parishes suggest that most communities exhibit socioeconomic characteristics that are 
closely associated with (and affected by) the oil and gas industry, with notable exceptions 
(McKenzie et al., 1993). 
 
 Executive Order 12898, issued in February 1994, states that any Federal action that 
requires analysis pursuant to NEPA must consider the impact of the Preferred Alternative on 
environmental justice issues.  The implicit design of the executive order is to ensure that 
minority and/or low-income communities are not subject, in a disproportionate fashion, to 
environmental and socioeconomic degradation.  Of particular concern is the question of equity 
in the environmental and health conditions of impoverished communities.  The impetus behind 
issuance of the executive order lies with previous onshore development (e.g., siting of oil and 
gas facilities proximal to low income and/or minority communities or neighborhoods) and the 
impacts such facilities have on the local population.  While it is recognized that no new onshore 
facilities are projected in association with the Gulf Landing LNG regasification terminal, 
environmental justice concerns will be noted in the impact analysis. 
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4.0  ENVIRONMENTAL CONSEQUENCES 
 
 
 This chapter discusses the potential environmental consequences of implementing 
the Preferred Alternative (Alternative A) and construction, operation, and decommissioning of a 
GBS LNG regasification terminal in West Cameron Block 213.  The environmental 
consequences of implementing Alternative B, construction details of an identical LNG 
regasification terminal in West Cameron Block 183, are discussed only where they differ from 
those of the Preferred Alternative. 
 
4.1 IMPACT PRODUCING FACTORS 
 
 The following tables (Tables 4.1 through 4.3) describe the potential physical and 
biological impact producing factors for the three major phases of the Preferred Alternative: 
construction, operation, and decommissioning.  Thorough identification of potential impact 
producing factors provides the basis for discussing potential impacts in detail and determining 
their significance.  
 
4.1.1 Routine Operations 
 
 Table 4.1 identifies potential impact producing activities associated with the 
development of the Gulf Landing LNG regasification terminal as currently planned, and indicates 
which elements of the physical environment these activities may affect.  Table 4.2 identifies 
those activities that may impact the marine biological resources in the project area. 
 
4.1.2 Accidents/Upsets 
 
 Table 4.3 lists those factors associated with accidents and/or upsets that could 
produce environmental impacts, and aspects of the physical environment and/or communities or 
organisms most likely to be affected. 
 
4.2 POTENTIAL IMPACTS OF ROUTINE ACTIVITIES 
 
4.2.1 Impacts on the Physical and Chemical Environment 
 
4.2.1.1 Air Quality 
 
4.2.1.1.1 Construction 
 

 Alternative A 
 
 Air emissions associated with the removal of the two GBS caissons from the graving 
dock and their transport out to sea will be short-term and are not expected to significantly impact 
air quality at the construction site.  
 
 Table 4.4 lists the air emissions associated with the transport (towing) of the two 
proposed GBS caissons to the terminal site in Block 213.  These emissions are mobile source 
emissions and will be spread out across the transport route from the graving dock to the 
terminal site.  This calculation is based on a Gulf coast construction site. 
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Table 4.1.  Matrix of impact producing factors associated with the Gulf Landing liquefied natural gas regasification terminal
project relative to the marine physical environment.

Area of Potential Impact
Impact Producing Activity

Surficial Sediments Air Quality Water Quality Sediment Quality

Construction

Dredging at the graving dock site
and if channel enlargement is
required.

● ◗ ● ◗

Air emissions at the graving dock
construction site

-- ◗ -- --

Storm water run off at construction
facility

-- -- ◗ --

Solid waste disposal at
construction facility

-- -- -- --

Towing vessel marine discharges -- -- ◗ --

Towing vessel air emissions -- ◗ -- --

Construction vessel marine
discharges

-- -- ◗ --

Construction vessel air emissions -- ● -- --

Construction vessel anchoring ● -- -- ◗

Terminal installation ● ● ● ◗

Seawater intake structure
installation

● -- ● ◗

Cool water discharge installation ● -- ● ◗

Installation of five interconnector
pipelines

● -- ● ◗

Hydrostatic testing of five
interconnector pipelines

-- -- ◗ --

Routine Operations

LNGC vessel marine discharges -- -- ◗ --

LNGC vessel air emissions -- ● -- --
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Table 4.1.  (Continued).

Area of Potential Impact
Impact Producing Activity

Surficial Sediments Air Quality Water Quality Sediment Quality

LNGC anchoring ● -- -- ◗

Tug and supply vessel movements
near shore base

-- -- -- --

Tug and supply vessel movements
near GBS structure

-- -- -- --

Tug and support vessel marine
discharges

-- -- ◗ --

Tug and support vessel air
emissions

-- ● -- --

Tug and support vessel anchoring ● -- -- ◗

Physical presents of GBS structure
in water

● -- -- ◗

Lights and noise from GBS
structure

-- -- -- --

Noise associated with helicopter
flights from shore base

-- -- -- --

Noise associated with helicopter
landings at GBS terminal

-- -- -- --

GBS facility waste, runoff, and
marine discharges

◗ -- ◗ ◗

 GBS terminal air emissions -- ● -- --

Warm water uptake for the ORVs -- -- -- --

Cool water discharge from ORVs -- -- ● --

Decommissioning

Construction vessel marine
discharges

-- -- ◗ --

Construction vessel air emissions -- ● -- --

Construction vessel anchoring ● -- -- ◗

GBS topside dissection and
removal

-- -- ◗ --
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Table 4.1.  (Continued).

Area of Potential Impact
Impact Producing Activity

Surficial Sediments Air Quality Water Quality Sediment Quality

GBS structure removal ● -- ● ◗

Sea water intake structure removal ● -- ● ◗

Cool water discharge structure
removal

● -- ● ◗

Site leveling and return to
preexisting topography

● -- ● ◗

Abandonment of five
interconnector pipelines

● -- ● ◗

Notes:
● = certain or likely impact.
◗ = possible but unlikely impact.
-- = no impact.
GBS = gravity based system.
LNGC = liquefied natural gas carrier.
ORV = open rack vaporizer.
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Table 4.2.  Matrix of impact producing factors associated with the Gulf Landing liquefied natural gas regasification terminal
project relative to marine biological resources.

Marine Biological Resource

Impact Producing Activity Fish and
Fisheries

Resources

Marine
Mammals

Sea Turtles Marine Birds
Benthic

Communities
Pelagic

Communities
Coastal
Habitats

Construction

Dredging at the graving
dock site and if channel
enlargement is required.

◗ -- ◗ ◗ ● ◗ ◗

Air emissions at the graving
dock construction site

-- -- -- ◗ -- -- ◗

Storm water run off at
construction facility

◗ ◗ ◗ -- ◗ ◗ ◗

Solid water disposal at
construction facility

-- -- -- ◗ -- -- --

Towing vessel movements -- ◗ ◗ -- -- -- --

Towing vessel marine
discharges

◗ ◗ ◗ -- -- ◗ --

Towing vessel air
emissions

-- -- -- -- -- -- ◗

Construction vessel
movements

-- ◗ ◗ -- -- -- --

Construction vessel marine
discharges

◗ ◗ ◗ -- -- ◗ --

Construction vessel
anchoring

◗ -- -- -- ● -- --

Construction vessel air
emissions

-- -- -- -- -- -- ◗

Accidental release of trash
and debris

◗ ◗ ◗ ◗ -- -- ◗

GBS structure installation ◗ ◗ ◗ -- ● ◗ --

Seawater intake structure
installation

◗ ◗ ◗ -- ● ● --
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Table 4.2.  (Continued).

Marine Biological Resource

Impact Producing Activity Fish and
Fisheries

Resources

Marine
Mammals

Sea Turtles Marine Birds
Benthic

Communities
Pelagic

Communities
Coastal
Habitats

Cool water discharge
installation

◗ ◗ ◗ -- ● ● --

Installation of five
interconnector pipelines

◗ ◗ ◗ -- ● ● --

Hydrostatic testing of five
interconnector pipelines

-- -- -- -- -- ◗ --

Routine Operations

LNGC vessel movements -- ◗ ◗ -- -- -- --

Tug and supply vessel
movements near shore
base

-- ◗ ◗ -- -- -- ◗

Tug and  supply vessel
movements near GBS
structure

-- ◗ ◗ -- -- -- --

LNGC vessel marine
discharges

◗ ◗ ◗ -- -- ◗ --

LNGC vessel air emissions -- -- -- -- -- -- ◗

LNGC anchoring ◗ -- -- -- ● -- --

Tug and support vessel
marine discharges

◗ ◗ ◗ -- -- ◗ --

Tug and support vessel air
emissions

-- -- -- -- -- -- ◗

Tug and support vessel
anchoring

◗ -- -- -- ● -- --

Accidental release of trash
and debris

◗ ◗ ◗ ◗ -- -- ◗

Physical presence of the
GBS structure in the water

● ◗ ◗ ◗ ● ● --

Lights and noise from the
GBS structure

◗ ◗ ◗ ◗ -- -- --
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Table 4.2.  (Continued).

Marine Biological Resource

Impact Producing Activity Fish and
Fisheries

Resources

Marine
Mammals

Sea Turtles Marine Birds
Benthic

Communities
Pelagic

Communities
Coastal
Habitats

Noise associated with
helicopter flights from shore
base

-- ◗ -- ◗ -- -- --

Noise associated with
helicopter flights landing at
GBS terminal

-- ◗ -- ◗ -- -- --

Terminal waste, runoff, and
marine discharges

● ◗ ◗ -- ◗ ● --

Terminal air emissions -- -- -- -- -- -- ◗

Warm water uptake for the
ORVs

 ● -- -- -- --  ● --

Cool water discharge from
ORVs

● ◗ ◗ -- ● ● --

Decommissioning

Construction vessel
movements

-- ◗ ◗ -- -- -- --

Construction vessel marine
discharges

◗ ◗ ◗ -- -- ◗ --

Construction vessel air
emissions

-- -- -- -- -- -- ◗

Construction vessel
anchoring

◗ -- -- -- ● -- --

Topside dissection and
removal

◗ ◗ ◗ ◗ ◗ ◗ --

GBS structure removal ◗ ◗ ◗ -- ● ◗ --

Accidental release of trash
and debris

◗ ◗ ◗ ◗ -- -- ◗

Seawater intake structure
removal

◗ ◗ ◗ -- ● ● --

Cool water discharge pipe
removal

◗ ◗ ◗ -- ● ● --
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Table 4.2.  (Continued).

Marine Biological Resource

Impact Producing Activity Fish and
Fisheries

Resources

Marine
Mammals

Sea Turtles Marine Birds
Benthic

Communities
Pelagic

Communities
Coastal
Habitats

Removal of five
interconnector pipelines

◗ -- -- -- ● ● --

Notes:
● = certain or likely impact.
◗ = possible but unlikely impact.
-- = no impact.
GBS = gravity base structure.
LNGC = liquefied natural gas carrier.
ORV = open rack vaporizer.



G
ulf Landing LLC

D
eepw

ater P
ort License A

pplication

E
nvironm

ental R
eview

O
ctober 2003

4-9

Table 4.3.  Matrix of impact producing factors associated with possible accidents/upsets during the construction, operation, or
decommissioning of the Gulf Landing LNG regasification terminal.

Physical Environment Marine Biological Resource

Impact Producing
Activity Air

Quality
Water
Quality

Fish and
Fisheries

Resources

Marine
Mammals

Sea
Turtles

Marine
Birds

Benthic
Communities

Pelagic
Communities

Coastal
Habitats

Accidents/Upsets During Construction

Accident fuel or
wastewater spills from
construction vessels

� � � � � � -- � --

Accident/Upsets During Routine Operations

LNGC vessel minor
fuel spill

� � � � � � -- � --

Tug and  supply vessel
minor fuel spill

� � � � � � -- � --

Tug or supply vessel
foundering and
salvage

� � � � � -- -- � �

Helicopter crash -- -- -- -- -- -- -- -- --

Diesel spill from
holding tank

� � � � � � -- � �

LNGC vessel minor
LNG spill

� � � � � � -- � --

Fire aboard installation � � � � � � -- � �

Forced venting of
natural gas in
emergency situation

� -- -- -- -- � -- -- �

Interconnector pipeline
rupture

� � � � � � � � --

Major LNG spill � � � � � � -- � --

Accident/Upsets During Decommissioning

Accident fuel or
wastewater spills from
construction vessels

� � � � � � -- � --

Notes:

� = certain or likely impact. LNG = liquefied natural gas.

� = possible but unlikely impact. LNGC = liquefied natural gas carrier.

-- = no impact.
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Table 4.4.  Estimated air emissions associated with the transportation of the two gravity base structure caissons to the project site. 
 

Equipment 
Run Time Maximum Pounds Per Hour Estimated Tons 

Operation 
Diesel Engines 

Rating
(hp) 

Max. 
Fuel 

(gal./h)

Act. Fuel 
(gal./d) 

h/d days PM SOx NOx VOC CO PM SOx NOx VOC CO 

Towing to Site 

Tug boat >600-hp diesel (75% load) 12,000 579.6 13,910.40 24 21 8.46 38.80 290.75 8.72 63.44 1.60 7.33 54.95 1.65 11.99 

Tug boat >600-hp diesel (75% load) 12,000 579.6 13,910.40 24 21 8.46 38.80 290.75 8.72 63.44 1.60 7.33 54.95 1.65 11.99 

Tug boat >600-hp diesel (75% load) 12,000 579.6 13,910.40 24 21 8.46 38.80 290.75 8.72 63.44 1.60 7.33 54.95 1.65 11.99 

Tug boat >600-hp diesel (75% load) 12,000 579.6 13,910.40 24 21 8.46 38.80 290.75 8.72 63.44 1.60 7.33 54.95 1.65 11.99 

Tug boat >600-hp diesel (50% load) 9,000 434.7 10,432.80 24 21 6.34 29.10 218.06 6.54 47.58 0.80 3.67 27.48 0.82 5.99 

Transporting 
Caissons to 
the Offshore 

Terminal 
Location 

Total estimated emissions in transit 7.19 33.00 247.28 7.42 53.95 

CO = carbon monoxide. 
PM = particulate matter. 
NOX = nitrogen oxide. 
VOC = volatile organic compound. 
SOX = sulfur oxide. 
gal. = gallon. 
hp = horsepower.  
h = hour. 
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 Table 4.5 presents the air emissions associated with all phases of positioning the 
Gulf Landing GBS caissons and completion of construction work on the LNG terminal. 
 
 Table 4.6 shows the air emissions associated with the installation of the five 
interconnector natural gas take-away pipelines proposed as part of the Gulf Landing LNG 
regasification terminal project.  It is assumed that these emissions would take place at the same 
general time as the installation of the GBS terminal, but they would not be fixed at the terminal 
site.  Pipeline installation emissions are essentially mobile source emissions and would take 
place across all the OCS blocks in which new pipelines are being laid (see Figure 2.8). 
 
 Individually and cumulatively, none of the construction associated air emissions 
presented in Tables 4.5 through 4.6 are anticipated to contribute to significant deterioration in 
either the offshore or onshore air quality in the GOM region. 
 
 Alternative B 
 
 Air emissions during the construction phase of the Gulf Landing LNG regasification 
terminal would be essentially the same in Block 183 as in Block 213; however, Block 183 is 
slightly closer to shore than Block 213 (29 nmi for Block 183 vs. 37 nmi for Block 213). 
 
 No Action 
 
 Under the No Action Alternative, these specific air emissions would not take place.  
 
4.2.1.1.2 Operations 
 

Alternative A 
 
 Table 4.7 lists the emission sources and annual emissions from the Gulf Landing 
LNG regasification terminal during normal operations.  These emissions sources include the 
LNG terminal facilities themselves, and the LNGCs while they are docked at the terminal.  
Mobile sources, such as tug boats and supply vessels not actually part of the Gulf Landing LNG 
regasification terminal, are not shown in Table 4.7. 
 
 Table 4.8 shows the emission sources and annual emissions from the LNGCs, and 
support vessels associated with the Gulf Landing LNG regasification terminal when they are 
operating in close proximity to the terminal, as well as emissions from the terminal.  This has 
been done in order to estimate the potential onshore environmental significance from all air 
emissions resulting from the operation of the Gulf Landing LNG regasification terminal.   
 
 To estimate the onshore significance of potential air emissions from the Gulf Landing 
LNG regasification terminal, a Lagrangian atmospheric dispersion model was used in the 
so-called “screening” mode.  This conservative screening approach is believed to result in the 
over prediction of impacts.  Results from the screening procedure are then compared to the 
Environmental Protection Agency’s (EPA's) Modeling Significance Levels to determine if more 
“refined” modeling should be required (Appendix C). 
 
 The non-steady state CALPUFF/CALMET/CALPOST (version 5.7, level 030402) 
modeling system, (http://www.src.com/calpuff/calpuff1.htm), was utilized.  The CALPUFF 
modeling system has three main components: CALMET (a diagnostic three-dimensional  
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Table 4.5.  Estimated air emissions associated with the installation and rigging of the gravity base structure caissons at the project site, as well as 
completion of construction work on the terminal. 

 
Equipment 

Run Time Maximum Pounds Per Hour Estimated Tons 

Operation 
Diesel Engines 

Rating 
(hp) 

Max. Fuel
(gal./h) 

Act. Fuel 
(gal./d) 

h/d days PM SOx NOx VOC CO PM SOx NOx VOC CO 

Positioning and Holding 

Tug boat >600-hp diesel (60% load) 12,000 579.6 13,910.40 24 15 8.46 38.80 290.75 8.72 63.44 0.91 4.19 31.40 0.94 6.85 

Tug boat >600-hp diesel (60% load) 12,000 579.6 13,910.40 24 15 8.46 38.80 290.75 8.72 63.44 0.91 4.19 31.40 0.94 6.85 

Tug boat >600-hp diesel (60% load) 12,000 579.6 13,910.40 24 15 8.46 38.80 290.75 8.72 63.44 0.91 4.19 31.40 0.94 6.85 

Tug boat >600-hp diesel (60% load) 12,000 579.6 13,910.40 24 15 8.46 38.80 290.75 8.72 63.44 0.91 4.19 31.40 0.94 6.85 

Positioning 
and Holding 
Caissons 
While They 
are Installed Tug boat >600-hp diesel (60% load) 9,000 434.7 10,432.80 24 15 6.34 29.10 218.06 6.54 47.58 0.69 3.14 23.55 0.71 5.14 

Solid Ballast Installation 

Tug boat >600-hp diesel (10% load) 3,600 173.88 4,173.12 14 45 2.54 11.64 87.22 2.62 19.03 0.08 0.37 2.75 0.08 0.60 

Tug boat >600-hp diesel (10% load) 3,600 173.88 4,173.12 14 45 2.54 11.64 87.22 2.62 19.03 0.08 0.37 2.75 0.08 0.60 

Standby 
While 
Supporting 
Solid Ballast 
Installation 

Tug boat >600-hp diesel (10% load) 3,600 173.88 4,173.12 14 45 2.54 11.64 87.22 2.62 19.03 0.08 0.37 2.75 0.08 0.60 

Repositioning and Moving 

Tug boat >600-hp diesel (80% load) 3,600 173.88 4,173.12 10 45 2.54 11.64 87.22 2.62 19.03 0.46 2.10 15.70 0.47 3.43 

Tug boat >600-hp diesel (80% load) 3,600 173.88 4,173.12 10 45 2.54 11.64 87.22 2.62 19.03 0.46 2.10 15.70 0.47 3.43 

Working to 
Support Solid 
Ballast 
Installation Tug boat >600-hp diesel (80% load) 3,600 173.88 4,173.12 10 45 2.54 11.64 87.22 2.62 19.03 0.46 2.10 15.70 0.47 3.43 

Scour Protection Installation 

Tug boat >600-hp diesel (10% load) 4,200 202.86 4,868.64 12 45 2.96 13.58 101.76 3.05 22.20 0.08 2.24 2.75 0.08 0.60 Scour 
Protection 
Installation 
Standby and 
Working 

Tug boat >600-hp diesel (80% load) 4,200 202.86 4,868.64 12 45 2.96 13.58 101.76 3.05 22.20 0.64 2.93 21.98 0.66 4.80 

Scour Protection Installation 

Scour 
Protection 
Installation – 
Derrick Barge 

Small lift vessel/derrick barge (100 % load) 10,000 483 11,592.00 24 45 7.05 32.33 242.29 7.27 52.86 3.81 17.46 130.84 3.93 28.55 

Ancillary Structure Installation 

Ancillary 
Structure 
Installation – 
Derrick Barge 

Small lift vessel/derrick barge (100 % load) 10,000 483 11,592.00 24 15 22.03 32.33 308.37 24.67 66.74 3.96 5.82 55.51 4.44 12.01 

Supply Vessel 

Supply vessel >600-hp diesel (10% load) 3,600 173.88 4,173.12 12 32 2.54 11.64 87.22 2.62 19.03 0.05 0.22 1.67 0.05 0.37 Supply 
Vessel 
Standby and 
Working 

Supply vessel >600-hp diesel (75% load) 3,600 173.88 4,173.12 12 32 2.54 11.64 87.22 2.62 19.03 0.37 1.68 12.56 0.38 2.74 

Total estimated emissions at the terminal site 14.85 57.64 429.81 15.67 93.68 

CO = carbon monoxide. 
PM = particulate matter. 
NOX = nitrogen oxide. 
VOC = volatile organic compound. 
SOX = sulfur oxide. 
gal. = gallon. 
hp = horsepower.  
h = hour. 
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Table 4.6.  Estimated air emissions associated with the pipeline installation process for the Gulf Landing liquefied natural gas regasification
terminal (based on terminal installation in West Cameron Block 213).

Equipment
Run Time Maximum Pounds Per Hour Estimated Tons

Operation
Diesel Engines

Rating
(hp)

Max. Fuel
(gal./h)

Act. Fuel
(gal./d)

h/d days PM SOx NOx VOC CO PM SOx NOx VOC CO

Pipeline Installation

Tug boat >600-hp diesel (10% load) 5,600 270.48 6,491.52 16 165 3.95 18.11 135.68 4.07 29.60 0.52 2.39 17.91 0.54 3.91

Tug boat >600-hp diesel (10% load) 4,200 202.86 4,868.64 16 165 2.96 13.58 101.76 3.05 22.20 0.39 1.79 13.43 0.40 2.93

Tug boat >600-hp diesel (75% load) 5,600 270.48 6,491.52 8 165 3.95 18.11 135.68 4.07 29.60 1.95 8.96 67.16 2.01 14.65

Tug boat >600-hp diesel (75% load) 4,200 202.86 4,868.64 8 165 2.96 13.58 101.76 3.05 22.20 1.47 6.72 50.37 1.51 10.99

Derrick barge (100% load) 15,000 724.5 17,388.00 24 165 10.57 48.50 363.44 10.90 79.30 20.93 96.03 719.60 21.59 157.00

Installation of
Five Natural
Gas
Takeaway
Pipelines

Total estimated emissions during pipeline installation 25.16 115.90 868.48 26.05 189.49

CO = carbon monoxide.
PM = particulate matter.
NOX = nitrogen oxide.
VOC = volatile organic compound.
SOX = sulfur oxide.
gal. = gallon.
hp = horsepower.
h = hour.
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Table 4.7.  Estimated annual air emissions associated with the normal operation of the Gulf Landing liquefied natural gas regasification terminal.

Run Time Maximum Pounds Per Hour Estimated Tons

Operation Equipment
Rating

(hp)
Max. Fuel

(gal./h)
Act. Fuel
(gal./d)

h/d days PM SOx NOx VOC CO PM SOx NOx VOC CO

Crane <600-hp diesel 338 16.3254 391.81 1 52 0.74 1.09 10.42 0.83 2.26 0.02 0.03 0.27 0.02 0.06

Crane <600-hp diesel 338 16.3254 391.81 1 52 0.74 1.09 10.42 0.83 2.26 0.02 0.03 0.27 0.02 0.06

Crane <600-hp diesel 338 16.3254 391.81 1 52 0.74 1.09 10.42 0.83 2.26 0.02 0.03 0.27 0.02 0.06

Emergency FW driver – 1,100-hp 1,100 53.13 1,275.12 1 52 0.78 3.56 26.65 0.80 5.81 0.02 0.09 0.69 0.02 0.15

Emergency FW driver – 1,100-hp 1,100 53.13 1,275.12 1 52 0.78 3.56 26.65 0.80 5.81 0.02 0.09 0.69 0.02 0.15

SOLAR Titan 130-19501S Axial 16,400 156,193.6 3,748,646.40 24 365 6.78 0.55 14.50 0.50 17.65 29.70 2.40 63.50 2.20 77.30

SOLAR Titan 130-19501S Axial 16,400 156,193.6 3,748,646.40 24 365 6.78 0.55 14.50 0.50 17.65 29.70 2.40 63.50 2.20 77.30

SOLAR Titan 130-19501S Axial 16,400 156,193.6 3,748,646.40 24 8 6.78 0.55 14.50 0.50 17.65 0.65 0.05 1.39 0.05 1.69

Sales gas heater - natural gas 20 19,047.619 457,142.86 24 365 0.14 0.01 1.90 0.10 1.60 0.63 0.05 8.34 0.46 7.01

Emergency generator – 1,100-hp 1,100 53.13 1,275.12 24 8 0.78 3.56 26.65 0.80 5.81 0.07 0.34 2.56 0.08 0.56

Production

Emergency generator – 1,100-hp 1,100 53.13 1,275.12 24 8 0.78 3.56 26.65 0.80 5.81 0.07 0.34 2.56 0.08 0.56

LNGCs

LNGC berthing 90% vap 10% RFO 89 84,761.90 2,034,285.71 3 135 0.64 0.05 8.48 0.47 7.12 0.12 0.01 1.54 0.08 1.44

LNGC unloading prep. 100% vap. 89 84,761.90 2,034,285.71 2 135 0.64 0.05 8.48 0.47 7.12 0.08 0.01 1.03 0.06 0.96

LNGC unloading 100% RFO 34,980 185 4,440.00 14 135 1.85 1.34 6.73 0.59 0.00 1.75 1.27 6.36 0.56 0.00

LNGCs While
Moored to
Terminal

LNGC departure prep. 100% vap. 89 84,761.90 2,034,285.71 5 135 0.64 0.05 8.48 0.47 7.12 0.20 0.02 2.57 0.14 2.40

Miscellaneous

Source BPD SCF/hr Count

Tank 1 -- -- 0 365 -- -- -- 0.00 -- -- -- -- 0.01 --

Flare -- 166,667 - 24 8 -- 0.01 11.90 10.05 64.75 -- 0.01 1.14 0.96 6.22

Emissions
From Other

Sources
Fugitives -- -- 20,000.0 -- 365 -- -- -- 10.00 -- -- -- -- 43.80 --

Total estimated air emissions from normal operations 63.07 7.17 156.68 50.78 175.92

 1
 Back-up unit only, would not be run in conjunction with other units.

CO = carbon monoxide.
PM = particulate matter.
NOX = nitrogen oxide.
VOC = volatile organic compound.
SOX = sulfur oxide.
gal. = gallon.
hp = horsepower.
h = hour.
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Table 4.8.  Estimated annual emissions from all sources, fixed and mobile, associated with the proposed LNG regasification terminal.

Equipment Rating Max. Fuel Act. Fuel Run Time Maximum Pounds Per Hour Estimated Tons

Diesel Engines (hp) (gal./hr) (gal./d)

Nat. Gas Engines (hp) (scf/hr) (scf/d)

Operations

Burners (MMBTU/hr) (scf/hr) (scf/d)

(hr/d) (days) PM SOx NOx VOC CO PM SOx NOx VOC CO

Crane <600-hp diesel 338 16.3254 391.81 1 52 0.74 1.09 10.42 0.83 2.26 0.02 0.03 0.27 0.02 0.06

Crane <600-hp diesel 338 16.3254 391.81 1 52 0.74 1.09 10.42 0.83 2.26 0.02 0.03 0.27 0.02 0.06

Crane <600-hp diesel 338 16.3254 391.81 1 52 0.74 1.09 10.42 0.83 2.26 0.02 0.03 0.27 0.02 0.06

Emergency FW driver – 1,100-hp 1,100 53.13 1,275.12 1 52 0.78 3.56 26.65 0.80 5.81 0.02 0.09 0.69 0.02 0.15

Emergency FW driver – 1,100-hp 1,100 53.13 1,275.12 1 52 0.78 3.56 26.65 0.80 5.81 0.02 0.09 0.69 0.02 0.15

SOLAR Titan 130-19501S Axial 16,400 156,193.6 3,748,646.40 24 365 6.78 0.55 14.50 0.50 17.65 29.70 2.40 63.50 2.20 77.30

SOLAR Titan 130-19501S Axial 16,400 156,193.6 3,748,646.40 24 365 6.78 0.55 14.50 0.50 17.65 29.70 2.40 63.50 2.20 77.30

SOLAR Titan 130-19501S Axial 16,400 156,193.6 3,748,646.40 24 8 6.78 0.55 14.50 0.50 17.65 0.65 0.05 1.39 0.05 1.69

Sales gas heater - natural gas 20 19,047.619 457,142.86 24 365 0.14 0.01 1.90 0.10 1.60 0.63 0.05 8.34 0.46 7.01

Emergency generator – 1,100-hp 1,100 53.13 1,275.12 24 8 0.78 3.56 26.65 0.80 5.81 0.07 0.34 2.56 0.08 0.56

Production

Emergency generator – 1,100-hp 1,100 53.13 1,275.12 24 8 0.78 3.56 26.65 0.80 5.81 0.07 0.34 2.56 0.08 0.56

LNGC approach 90% vap., 10% RFO 89 84,761.90 2,034,285.71 2 135 0.64 0.05 8.48 0.47 7.12 0.08 0.01 1.03 0.06 0.96

LNGC berthing 90% vap., 10% RFO 89 84,761.90 2,034,285.71 3 135 0.64 0.05 8.48 0.47 7.12 0.12 0.01 1.54 0.08 1.44

LNGC unloading prep 100% vap. 89 84,761.90 2,034,285.71 2 135 0.64 0.05 8.48 0.47 7.12 0.08 0.01 1.03 0.06 0.96

LNGC unloading 100% RFO 34,980 185 4,440.00 14 135 1.85 1.34 6.73 0.59 0.00 1.75 1.27 6.36 0.56 0.00

LNGC departure prep 100% vap. 89 84,761.90 2,034,285.71 5 135 0.64 0.05 8.48 0.47 7.12 0.20 0.02 2.57 0.14 2.40

LNGC to pilot station 90% vap., 10% RFO 89 84,761.90 2,034,285.71 3 135 0.64 0.05 8.48 0.47 7.12 0.12 0.01 1.54 0.08 1.44

LNG Carrier

LNGC dismissed 90% vap., 10% RFO 89 84,761.90 2,034,285.71 2 135 0.64 0.05 8.48 0.47 7.12 0.08 0.01 1.03 0.06 0.96

Tug Boats LNGC approach

Tug boat >600-hp diesel (80% load) 10,000 483 11,592.00 4 135 7.05 32.33 242.29 7.27 52.86 1.52 6.98 52.33 1.57 11.42

Tug boat >600-hp diesel (80% load) 10,000 483 11,592.00 4 135 7.05 32.33 242.29 7.27 52.86 1.52 6.98 52.33 1.57 11.42

Tug boat >600-hp diesel (80% load) 10,000 483 11,592.00 4 135 7.05 32.33 242.29 7.27 52.86 1.52 6.98 52.33 1.57 11.42

Approach
Facility

Tug boat >600-hp diesel (80% load) 10,000 483 11,592.00 4 135 7.05 32.33 242.29 7.27 52.86 1.52 6.98 52.33 1.57 11.42

Tug boat >600-hp diesel (10% load) 10,000 483 11,592.00 1 135 7.05 32.33 242.29 7.27 52.86 0.05 0.22 1.64 0.05 0.36

Tug boat >600-hp diesel (10% load) 10,000 483 11,592.00 1 135 7.05 32.33 242.29 7.27 52.86 0.05 0.22 1.64 0.05 0.36

Tug boat >600-hp diesel (10% load) 10,000 483 11,592.00 1 135 7.05 32.33 242.29 7.27 52.86 0.05 0.22 1.64 0.05 0.36
Idling

Tug boat >600-hp diesel (10% load) 10,000 483 11,592.00 1 135 7.05 32.33 242.29 7.27 52.86 0.05 0.22 1.64 0.05 0.36

LNGC berthing

Tug boat >600-hp diesel (50% load) 10,000 483 11,592.00 1 135 7.05 32.33 242.29 7.27 52.86 0.24 1.09 8.18 0.25 1.78Escort LNGC

Tug boat >600-hp diesel (50% load) 10,000 483 11,592.00 1 135 7.05 32.33 242.29 7.27 52.86 0.24 1.09 8.18 0.25 1.78

Tug boat >600-hp diesel (75% load) 10,000 483 11,592.00 2 135 7.05 32.33 242.29 7.27 52.86 0.71 3.27 24.53 0.74 5.35

Tug boat >600-hp diesel (75% load) 10,000 483 11,592.00 2 135 7.05 32.33 242.29 7.27 52.86 0.71 3.27 24.53 0.74 5.35
Connect
Towlines

Tug boat >600-hp diesel (75% load) 10,000 483 11,592.00 2 135 7.05 32.33 242.29 7.27 52.86 0.71 3.27 24.53 0.74 5.35

Standby Tug boat >600-hp diesel (10% load) 10,000 483 11,592.00 2 135 7.05 32.33 242.29 7.27 52.86 0.24 1.09 8.18 0.25 1.78

LNGC unloading preparation

Tug boat >600-hp diesel (80% load) 10,000 483 11,592.00 4 135 7.05 32.33 242.29 7.27 52.86 1.52 6.98 52.33 1.57 11.42

Tug boat >600-hp diesel (80% load) 10,000 483 11,592.00 4 135 7.05 32.33 242.29 7.27 52.86 1.52 6.98 52.33 1.57 11.42
Dismissed

Tug boat >600-hp diesel (80% load) 10,000 483 11,592.00 4 135 7.05 32.33 242.29 7.27 52.86 1.52 6.98 52.33 1.57 11.42

Standby Tug boat >600-hp diesel (10% load) 10,000 483 11,592.00 19 135 7.05 32.33 242.29 7.27 52.86 0.90 4.15 31.07 0.93 6.78

LNGC departure preparation

Tug boat >600-hp diesel (80% load) 10,000 483 11,592.00 4 135 7.05 32.33 242.29 7.27 52.86 1.52 6.98 52.33 1.57 11.42
Approach
Facility

Tug boat >600-hp diesel (80% load) 10,000 483 11,592.00 4 135 7.05 32.33 242.29 7.27 52.86 1.52 6.98 52.33 1.57 11.42

Tug boat >600-hp diesel (10% load) 10,000 483 11,592.00 1 135 7.05 32.33 242.29 7.27 52.86 0.05 0.22 1.64 0.05 0.36
Idling

Tug boat >600-hp diesel (10% load) 10,000 483 11,592.00 1 135 7.05 32.33 242.29 7.27 52.86 0.05 0.22 1.64 0.05 0.36

Tug boat >600-hp diesel (60% load) 10,000 483 11,592.00 1 135 7.05 32.33 242.29 7.27 52.86 0.29 1.31 9.81 0.29 2.14

Tug boat >600-hp diesel (60% load) 10,000 483 11,592.00 1 135 7.05 32.33 242.29 7.27 52.86 0.29 1.31 9.81 0.29 2.14Unberthing

Tug boat >600-hp diesel (60% load) 10,000 483 11,592.00 1 135 7.05 32.33 242.29 7.27 52.86 0.29 1.31 9.81 0.29 2.14

Tug boat >600-hp diesel (80% load) 10,000 483 11,592.00 4 135 7.05 32.33 242.29 7.27 52.86 1.52 6.98 52.33 1.57 11.42
Dismissed

Tug boat >600-hp diesel (80% load) 10,000 483 11,592.00 4 135 7.05 32.33 242.29 7.27 52.86 1.52 6.98 52.33 1.57 11.42

LNGC to pilot station

Tug boat >600-hp diesel (50% load) 10,000 483 11,592.00 1 135 7.05 32.33 242.29 7.27 52.86 0.24 1.09 8.18 0.25 1.78Escort LNGC

Tug boat >600-hp diesel (80% load) 10,000 483 11,592.00 4 135 7.05 32.33 242.29 7.27 52.86 1.52 6.98 52.33 1.57 11.42
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Table 4.8.  (Continued).

Equipment Rating Max. Fuel Act. Fuel Run Time Maximum Pounds Per Hour Estimated Tons

Diesel Engines (hp) (gal./hr) (gal./d)

Nat. Gas Engines (hp) (scf/hr) (scf/d)

Operations

Burners (MMBTU/hr) (scf/hr) (scf/d)

(hr/d) (days) PM SOx NOx VOC CO PM SOx NOx VOC CO

Tug boat essen. gen.<600-hp 500 24.15 579.60 14 135 1.10 1.62 15.42 1.23 3.34 1.04 1.53 14.57 1.17 3.15

Tug boat essen. gen.<600-hp 500 24.15 579.60 14 135 1.10 1.62 15.42 1.23 3.34 1.04 1.53 14.57 1.17 3.15

Tug boat essen. gen.<600-hp 500 24.15 579.60 14 135 1.10 1.62 15.42 1.23 3.34 1.04 1.53 14.57 1.17 3.15
Dismissed

Tug boat essen. gen.<600-hp 500 24.15 579.60 14 135 1.10 1.62 15.42 1.23 3.34 1.04 1.53 14.57 1.17 3.15

Supply vessel>600-hp diesel 3,120 150.696 3,616.70 6 52 2.20 10.09 75.59 2.27 16.49 0.34 1.57 11.79 0.35 2.57
Supply Vessel

Supply vessel @Idle>600-hp diesel 1,040 50.232 1,205.57 8 52 0.73 3.36 25.20 0.76 5.50 0.15 0.70 5.24 0.16 1.14

Misc. (bpd) (scf/hr) COUNT

Tank- 1 0 365 0.00 0.01

Flare- 166,667 24 8 0.10 11.90 10.05 64.75 0.01 1.14 0.96 6.22

Process Vent- 0.00 0.00

Emissions from
other sources

Fugitives- 20,000.0 365 10.00 43.80

Total estimated annual emissions from all sources 91.40 122.92 1,040.20 80.33 371.76

CO = carbon monoxide.
gal. = gallon.
hp = horsepower.
hr = hour.
LNG = liquefied natural gas.
LNGC = liquefied natural gas carrier.
NOx = nitrogen oxide.
PM = particulate matter.
SOx = sulfur oxide.
VOC = volatile organic compound.
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meteorological model), CALPUFF (the transport and dispersion model), and CALPOST (a 
post-processing package).  CALPUFF has been adopted by the EPA as the preferred technique 
for assessing long range transport of pollutants and their impacts on Federal Class I areas 
(68 Federal Register 18439 – 18482, 15 April 2003). The adoption is codified in Appendix A of 
the Guideline on Air Quality Models (published as Appendix W of 40 CFR 51).  CALPUFF is 
also under consideration by the Department of Interior’s (DOI’s) Minerals Management Service 
(MMS) as a regulatory model. 
 
 The modeling approach used is found in the Guide for Applying the EPA Class I 
Screening Methodology with the CALPUFF Modeling System (Earth Tech, Inc., 2002).  This 
methodology is referred to as “CALPUFF-lite” because it bypasses the need to generate a full 
3-D wind field with CALMET.  Instead, an Industrial Source Complex Short Term (ISCST3) 
single station meteorological field is used.  The nearest EPA Class I area, the Breton National 
Wilderness Area (BNWA), is 394 km (245 mi) NE of the project location.  Since the BNWA is 
beyond 200 km (124 mi) from the project, no review of the project’s emissions will likely be 
required.  All other areas onshore are considered to be EPA Prevention of Significant 
Deterioration (PSD) Class II areas.  EPA has set PSD Class II increments for PM10, SO2, and 
NO2 (Table 4.9). 
 

Table 4.9.  Environmental Protection Agency Class II Prevention of Significant Deterioration 
increments. 

 
Pollutant Annual 24 h 

PM10 17 µg/m3 30 µg/m3 
SO2 20 µg/m3 91 µg/m3 
NO2 25 µg/m3 N/A 

N/A = not available. 
 
 The EPA has also set “modeling significance levels” for the same pollutants.  It is 
these modeling significance levels that are used to determine if more refined modeling should 
be required (Table 4.10). 
 
Table 4.10.  Environmental Protection Agency air quality modeling significance levels. 
 

Pollutant Annual 24 h 
PM10 1 µg/m3 5 µg/m3 
SO2 1 µg/m3 5 µg/m3 
NO2 1 µg/m3 N/A 

N/A = not available. 
 
 The CALPUFF modeling grid was centered on the proposed Gulf Landing GBS in 
West Cameron Block 213.  Two rings of discrete receptors (one degree separation) with radii of 
37.6 and 72.7 mi were included.  The entire modeling domain is 170 x 170 km.  The structure is 
centered at X = 0 km and Y = 0 km, and the grid origin is at X = 170 km and Y = -170 km.  
Discrete receptor No. 360 (X = 0.00 km and Y = 60.50 km) represents the nearest onshore 
location, while receptor No. 720 (X = 0.00 km and Y = 117.00 km) represents due north beyond 
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Lake Charles, Louisiana (Figure 4.1).  Running the CALPUFF model for the major fixed sources 
of terminal emissions yields the results presented in Table 4.11. 
 
Table 4.11.  CALPUFF air quality modeling results for air emissions from fixed sources on the 

proposed LNG regasification terminal in West Cameron Block 213.  All mobile 
sources have been excluded. 

 
1-h Average 

(µg/m3) 
24-h Average 

(µg/m3) 
Annual Average 

(µg/m3) Pollutant 
Shore Lake 

Charles Shore Lake 
Charles Shore Lake 

Charles 
PM10 0.1336 0.0425 0.0288 0.0124 0.0029 0.0011 
SO2 0.0108 0.0034 0.0023 0.0010 0.0002 0.0001 
NO2 0.3035 0.0958 N/A N/A 0.0066 0.0026 

N/A = not available. 
 
 The potential for significant air quality impacts associated with the Gulf Landing LNG 
regasification terminal would appear to be low based on the results of this screening model. 
 
 Alternative B 
 
 Air emissions during the operation of a Gulf Landing LNG regasification terminal built 
in Block 183 would be the same as in Block 213.  Block 183 is slightly closer to shore than 
Block 213 (29 nmi for Block 183 vs. 37 nmi for Block 213), and therefore the onshore effects 
would be greater. 
 
 No Action 
 
 Under the No Action Alternative, these specific air emissions would not take place. 
 
4.2.1.1.3 Decommissioning 
 
 Alternative A 
 
 There will be air emissions from the construction vessels and barges associated with 
the decommissioning and removal of the Gulf Landing LNG regasification terminal upon 
completion of its useful life.  Decommissioning will follow the same steps as construction, only in 
reverse.  The deck and facilities above the GBS caissons will be removed for salvage or 
transport to shore for disposal.  Once that process is complete, the two GBS caissons will be 
refloated and towed away for disposal.  The seafloor will be returned to its original elevation and 
consistency, and the interconnector pipelines will be abandoned in accordance with regulatory 
requirements.  Air emissions during this process are expected to be very similar to the 
emissions seen during the construction phase of this project.  They will be continuous during the 
decommissioning period, but they will be localized and short-term. 
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Figure 4.1.  Discrete receptor rings used for CALPUFF modeling of Gulf Landing LNG regasification terminal air emissions.
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 Alternative B 
 
 Decommissioning air emissions will be the same in Block 183 as in Block 213. 
 
 No Action 
 
 Under the No Action Alternative, these specific air emissions would not take place. 
 
4.2.1.2 Water and Sediment Quality 
 
4.2.1.2.1 Construction 
 
 Alternative A 
 
 There is the potential for dredging associated with construction of the casting basin 
and deepening of the channel at the fabrication yard to adversely affect water quality in that 
area.  This effect will be limited in area and will dissipate once dredging operations are 
completed. 
 
 There is the potential for stormwater runoff from the construction site to adversely 
affect water quality near the fabrication yard.  The short-listed construction yard candidates are 
anticipated to have stormwater management plans in place.  This impact, if it occurs at all, is 
anticipated to be very limited in area and short in duration. 
 
 There is the potential for discharge of wastewater and deck runoff from the vessels 
and barges used to construct the Gulf Landing LNG regasification terminal to cause water 
quality impacts if uncontrolled.  The real potential for this impact to be realized is considered low 
due to the fact that all vessels used in the construction phase of this project will have USCG 
approved wastewater control and containment systems.  Wastewater treatment and discharge 
systems will follow 33 CFR Subchapter ‘O’ and MARPOL facilities requirements, which means 
all systems will be USCG approved Marine Sanitation Devices (MSDs).  Deck drainage is 
addressed in the Shipboard Oil Pollution Emergency Plan required for all vessels and platforms.  
This plan details how pollution is prevented from reaching the sea's surface.  No oil discharges 
are allowed, although clean rainwater discharges are permitted.  
 
 Anchoring of construction vessels and installation of the GBS and ancilliary 
structures will impact water and sediment quality by stirring up bottom sediments and increasing 
turbidity at the project site.  These impacts will be of short duration and limited to the project 
area.  Approximately 4.5 ha (11 acres) of seafloor may be directly impacted by placement of the 
two GBS caissons and associated scour protection.  The overall environmental impact from 
these operations is insignificant due to their limited spatial and temporal nature. 
 
 The installation of the seawater intake and cool water discharge pipes will disturb 
both bottom sediments and water quality during construction.  The duration of this effect would 
be short-term, and the significance of these direct impacts to both water and sediment quality 
will be minimal and short lived. 
 
 Installation of the five interconnector pipelines carrying natural gas away from the 
Gulf Landing LNG regasification facility will have a direct impact on both surficial sediments and 
water quality as these pipelines are being installed.  Each of these pipelines will be buried to a 
depth where their tops will be 0.9 m (3 ft) below the seafloor, and 3 m (10 ft) under shipping 
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fairways.  The process used to bury natural gas (as well as other) pipelines in the OCS is via a 
hydraulic water jetting system, which blasts surficial sediments away from the pipe as it lays on 
the bottom and allows it to settle to the desired depth.  Jetting increases turbidity in the 
immediate vicinity of burial operations.  It also disturbs the surficial sediments along the entire 
route of the pipeline.  The MMS grants a 61-m (200-ft) wide right-of-way (ROW) for pipeline 
installation and for the purpose of this assessment, we have assumed the entire ROW would be 
impacted during the pipeline burial process. 
 
 In addition, pipelines will be hydrostatically tested, and the water used for this testing 
will be released at the Gulf Landing LNG regasification terminal.  Following hydrostatic testing, 
the pipelines will be dryed and kept dry until they are ready to be tied in to the existing 
take-away pipelines listed in Table 4.12.  This will eliminate the need to use biocides in the 
hydrostatic test water. 
 
Table 4.12.  Interconnector pipelines associated with the Gulf Landing liquefied natural gas 

regasification terminal. 
 

Pipeline 

Mileage 
of Pipe 

Required 
(mi) 

Pipe 
Diameter 

(in.) 

Total 
Volume 

(ft3) 

Total 
Volume 
Gallons 

(US liquid) 

Acreage of 
Disturbed 
Sediments 

(acres) 
A 20.0 36 541,564 4,051,856 507 
B 13.0 24 207,332 1,550,952 303 
C 17.2 30 450,946 3,373,316 422 
D 1.7 16 12,532 93,746 41 
E 13.8 20 127,820 956,160 332 

 
 Table 4.12 summarizes mileages, volumes of hydrostatic water, and sediment 
disturbance associated with the installation of the interconnector pipelines that will carry Gulf 
Landing LNG regasification terminal natural gas to existing natural gas pipeline infrastructure 
within the GOM.  
 
 The turbidity associated with the installation of each pipeline will be spread out over 
the entire mileage of that pipeline and will occur over several days.  Under these conditions, the 
elevated turbidity levels at any one specific area will be limited and of short duration.  The 
significance of these elevated turbidity levels to water quality within the general project is rated 
as low. 
 
 Discharges of hydrostatic water will take place at the project site (Block 213) and will 
occur over a prolonged period of time as each pipeline is connected and tested.  There should 
be no water quality impacts from this process. 
 
 The soft sediments on the nearshore continental shelf of the GOM are moved about 
frequently as a result of storms and other natural events.  These sediments are felt to return to 
normal very rapidly once the disturbing force has been withdrawn.  Jetting in of the proposed 
interconnector pipelines will occur over a prolonged period of time and will be limited to the point 
of operations at any give time.  The significance for the impacts of installing these interconnector 
pipelines on the surficial sediment is rated as low.  
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 Alternative B 
 
 Water and sediment quality impacts associated with construction of the Gulf Landing 
LNG regasification terminal in West Cameron Block 183 would be essentially the same as those 
described for West Cameron Block 213.  Because take-away pipeline routes would be different, 
differing acreages of seafloor would be impacted by the installation of each pipeline. 
 
 No Action 
 
 Under the No Action Alternative, these specific water and sediment impacts would 
not take place. 
 
4.2.1.2.2 Operations 
 

Alternative A 
 
 It is unlikely that marine discharges from the LNGCs and their tug and support 
vessels could have an adverse effect on water quality.  LNGCs, tugs, and all other support 
vessels associated with the Gulf Landing LNG regasification terminal will be regulated under 
33 CFR Subchapter ‘O’ and MARPOL. 
 
 Soft sediments on the bottom may be disturbed by the anchoring of LNGCs, tug 
boats, and support vessels; however, these disturbances are extremely localized and very 
short-term in nature.  Their overall environmental impact is not significant. 
 
 Wastewater and marine discharges from the Gulf Landing LNG regasification 
terminal could have an adverse effect on water quality, but this is also unlikely.  The Gulf 
Landing LNG regasification terminal will be regulated under 33 CFR Subchapter ‘O’ and 
MARPOL, and no environmentally detrimental discharges will be permitted under the NPDES 
permit for these facilities, which will be issued separately by the EPA. 
 
 Collection, containment, and disposal of lubricating oils, greases, etc. from the 
installation; LNGCs; and marine operations will be managed using Best Available Control 
Technology (BACT).  Rainwater will be discharged overboard and meet the following content 
limits: 
 

• 29 ppm of hydrocarbon contaminants during continuous discharge; and 
• 40 ppm of hydrocarbon contaminants at instantaneous peak. 

 
 The most unique discharge associated with the Gulf Landing LNG regasification 
facility is the proposed discharge of the seawater used to warm the LNG in the ORVs as it is 
converted back into a gaseous state.  The behavior of this cool water discharge has been the 
focus of an extensive modeling effort both to facilitate design and to assess environmental 
impacts (Appendix A). 
 
 Under the Preferred Alternative, the facility will discharge approximately 
480,000 m3/day (127 million gal.) of seawater cooled to 18°F (10°C) below the ambient water 
temperature.  This water will be discharged through a single point discharge.  At the discharge 
point, this water will have a sodium hypochlorite concentration of 0.5 ppm.  The outfall 
configuration proposed is a single port 2.55 m (8.4 ft) in diameter, oriented vertically upward.  Its 
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mouth is 3 m (9.8 ft) above the sea bed and is expected to be incorporated into a concrete 
structure on the seafloor. 
 
 The EPA’s CORMIX model (version 3.2) was used to model the far-field behavior of 
this cool water plume.  CORMIX modeling was supplemented by the Offshore Operators 
Committee (OOC) discharge model in order to look at near-field effects.  Visitation probability 
and far-field dilution models developed by Brandsma Engineering also were used. 
 
 Current data are from Site 20 of the LATEX project sponsored by the MMS.  Ambient 
conditions used in the analysis were set based on currents and hydrographic conditions 
measured in the nearby region.  No in situ measurements were available.  Current speeds 
exceeded 90%, 50%, and 10% of the time were estimated to be 0.218, 0.097, and 0.03 m/s, 
respectively.  Hydrographic data were obtained from Texas A&M University for two 
hydrographic profiles conducted near the proposed offshore site during Cruises 92 G04 and 
92 G10.  Hydrographic measurements indicated that ambient density gradients ranged from 
0.0 kg/m3/m (unstratified) to about 0.19 kg/m3/m (strongly stratified).  The strong stratification 
was due almost entirely to the formation of a halocline; little temperature variation was observed 
in individual temperature profiles. 
 
 Figures 4.2, 4.3, and 4.4 show plan and elevation views of the predicted plume 
boundaries and the maximum temperature deficiency predicted as a function of downcurrent 
distance.  Figures 4.2 through 4.4 are for unstratified conditions and current speeds of 0.03, 
0.097, and 0.218 m/s (the 10, 50, and 90 percentile speeds, respectively).  Because of the large 
horizontal scale and small vertical scale of the plume, the elevation views are distorted by a 
20:1 vertical exaggeration. 
 
 The plume in Figure 4.2 reaches the surface and creates an unstable mixing region 
near the discharge, featuring near-field instabilities and full vertical mixing (elevation view).  This 
mixed region will restratify and form a dense cool water layer on the seafloor, probably within 
100 m (328 ft) or so of the discharge port.  Because of the slow current, the vertically mixed 
region near the discharge can collapse and spread in all directions.  This leads to an upstream 
impingement of almost 400 m (1,312 ft).  There is a small, “C” shaped figure at X = 0 (plan 
view).  This represents the dynamic plume impinging on the sea surface and then falling back.  
This is the region of near-field instability.  
 
 The middle frame of Figure 4.2 shows that a lens of cool water about 1.5 m (4.9 ft) 
thick is formed on the seafloor.  Unfortunately, CORMIX is incapable of predicting the details of 
the restratification transition from the region of full vertical mixing near the discharge point to the 
lens.  Lens formation is probably complete within 100 to 200 m (328 to 656 ft) of the point of 
discharge. 
 
 The bottom frame of Figure 4.2 shows the temperature deficiency (depression of 
temperature from ambient) as a function of downcurrent distance.  This shows that the cool 
water lens created under these conditions has a relatively uniform temperature.  The 
temperature deficiency decreases from the initial ∆T = 10°C at the point of discharge (X=0) to 
less than 1°C within 50 m (164 ft) of the discharge, within the region of full vertical mixing.  Once 
the cool water lens is formed on the seafloor, its temperature deficiency changes only slowly.  A 
lens temperature deficiency of 1°C, corresponds to a 10:1 dilution, so sodium hypochlorite 
concentration can be expected to be about 0.05 ppm on the seafloor. 
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(Located at [0,0])
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CSA

Figure 4.2. Cool water plume from single port outfall, 20,000 m3/h, current speed
(U

a
) = 0.03 m/s (10 percentile), unstratified water column.  Top frame shows plan

view of horizontal plume boundaries.  Middle frame shows elevation (side view) of
plume.  Bottom frame shows maximum temperature deficiency as a function of
downcurrent distance.
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Figure 4.3.  Cool water plume from single port outfall, 20,000 m3/hr, current speed
(U

a
) = 0.097 m/s (50 percentile), unstratified water column.  Frames show top

view, side view, and maximum temperature deficiency.
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(Located at [0,0])
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Figure 4.4. Cool water plume from single port outfall, 20,000 m3/hr, current speed
(Ua) = 0.218 m/s (90 percentile), unstratified water column.  Frames show top view,
side view, and maximum temperature deficiency.
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 When the current speed is increased to 0.097 m/s (the median speed), the dynamic 
plume still impinges on the surface, but the upstream impingement of the cool water lens is only 
about 20 m (66 ft) (Figure 4.3).  The spreading cool water lens is much narrower than in 
Figure 4.2.  The middle frame of Figure 4.3 shows a region of instability and full vertical mixing 
near the point of discharge.  This restratifies into a layer about 2 m (6.6 ft) thick 100 m (328 ft) 
downcurrent.  From here downcurrent, the layer gradually thins.  The bottom frame of 
Figure 4.3 shows a rapid decline of temperature deficiency and the formation of a layer with ∆T 
= 1°C.  As in Figure 4.2, the lens temperature deficiency is equivalent to a 10:1 dilution, so the 
sodium hypochlorite concentration will be about 0.05 ppm on the seafloor. 
 
 When the current speed is increased again to 0.218 m/s (the 90 percentile speed), 
there is no upstream spreading of the cool water lens (Figure 4.4).  The dynamic plume and 
region of instability and full vertical mixing still occupies the entire water column near the point of 
discharge.  The cool water lens on the seafloor forms a much narrower plume in the faster 
current.  The elevation view (middle frame of Figure 4.4) shows that the entire water column is 
occupied out to a distance of about 40 m (131 ft).  Restratification occurs between 40 and 
200 m (131 to 656 ft) downcurrent.  By 500 m (1,641 ft), the cool water lens has stabilized at a 
thickness of about 1.6 m (5.3 ft).  The temperature deficiency declines swiftly as a function of 
distance downcurrent from the point of discharge.  By 100 m (328 ft), the temperature deficiency 
is less than ∆T = 1°C.  Here again, a cool water lens with relatively stable thickness and 
temperature deficiency is formed.  Sodium hypochlorite concentrations on the seafloor will be 
about 0.05 ppm. 
 
 Figures 4.5, 4.6, and 4.7 show the results of this single port outfall operating at 10, 
50, and 90 percentile current speeds with the water column exhibiting maximum stratification.  
The overall behaviors of the plumes from the single port in maximum stratification do not differ 
significantly from the unstratified conditions in Figures 4.2 through 4.4.  A stable cool water lens 
of ∆T = 1°C, from 1.5 to 2 m (4.9 to 6.6 ft) thick forms on the seafloor.  With the 10:1 dilution 
implied by the ∆T, sodium hypochlorite concentrations are expected to be 0.05 ppm on the 
seafloor. 
 
 Temperature deficiency, plume thickness on the seafloor and plume half-width 
predictions are summarized in Table 4.13 for distances 100 m and 500 m (328 ft and 1,641 ft) 
downcurrent of the single port outfall.  Table 4.13 shows that temperature deficiencies at the two 
distances are not very sensitive to changes in current speed and the ambient density gradient.  
Plume widths are sensitive at both distances.  Plume thicknesses are very sensitive at the 100-m 
(328-ft) distance, and less so at the 500-m (1,641-ft) distance. 
 
Table 4.13.  Summary of plume behavior from single port outfall (20,000 m3/h, ∆T = 10°C). 
 

Current Distance = 100 m Distance = 500 m 

Speed 
(m/s) Percentile 

Density 
Gradient 
(σt/m)* ∆T (°C) 

Plume 
Thickness 

(m) 

Plume 
Half-Width 

(m) 
∆T (°C) 

Plume 
Thickness 

(m) 

Plume 
Half-Width 

(m) 
0.030 10 0.0 1.04 0.94 627.8 0.71 1.53 858.3 
0.097 50 0.0 1.06 2.00 134.1 0.83 1.29 266.1 
0.218 90 0.0 0.92 4.13   33.4 0.61 1.65 125.9 

         
0.030 10 0.19 1.05 0.97 605.6 0.73 1.54 829.4 
0.097 50 0.19 1.09 2.00 131.4 0.85 1.29 260.9 
0.218 90 0.19 1.11 3.34   34.5 0.73 1.42 123.2 

*σt = 1000 (1-water density) where density is in g/cm3. 
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Figure 4.5. Cool water plume from single port outfall, 20,000 m3/hr, current speed
(U

a
) = 0.03 m/s (10 percentile), water column has maximum stratification.  Frames

show top view, side view, and maximum temperature deficiency.
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Figure 4.6. Cool water plume from single port outfall, 20,000 m3/hr, current speed
(U

a
) = 0.097 m/s (50 percentile), water column has maximum stratification.

Frames show top view, side view, and maximum temperature deficiency.
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Figure 4.7. Cool water plume from single port outfall, 20,000 m3/hr, current speed
(U

a
) = 0.218 m/s (90 percentile), water column has maximum stratification.

Frames show top view, side view, and maximum temperature deficiency.
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 The cool water effects from this plume are localized and not significant in terms of 
regional water quality.  Although Block 213 is well away from those areas of the northern GOM 
continental shelf exhibiting hypoxia (see Figure 3.8), the cool water plume is expected to reduce 
stratification in the water column and increase dissolved oxygen concentrations along the 
bottom in its immediate vicinity.  This effect can be considered a beneficial impact.  
 
 Alternative B 
 
 Hydrographic conditions are not thought to be significantly different between OCS 
West Cameron Blocks 213 and 183, and it is believed this cool water plume would behave 
essentially the same in either block.  
 
 No Action 
 
 Under the No Action Alternative, these specific water quality impacts would not take 
place. 
 
4.2.1.2.3 Decommissioning 
 
 Alternative A 
 
 There is the potential for discharges of wastewater and deck runoff from the vessels 
and barges used to remove the Gulf Landing LNG regasification facilities to cause water quality 
impacts if uncontrolled.  The real potential for these impacts to be realized is considered low due 
to the fact that all vessels used in the construction phase of this project will have USCG 
approved wastewater control and containment systems.  Wastewater treatment and discharge 
systems will follow 33 CFR Subchapter ‘O’ and MARPOL facilities requirements, which means 
all systems will be USCG approved MSDs.  No oil discharges are allowed. 
 
 Surficial sediments will be disturbed when the terminal, cool water discharge pipes, 
and interconnector pipelines are abandoned in accordance with regulatory requirements.  These 
impacts are extremely short lived, and their significance is low. 
 
 Alternative B 
 
 Water and sediment quality impacts due to decommissioning would be essentially 
the same in either Block 213 or 183. 
 
 No Action 
 
 Under the No Action Alternative, these specific water and sediment quality impacts 
would not take place. 
 
4.2.2 Impacts on the Biological Environment 
 
4.2.2.1 Fish and Fishery Resources 
 
 Fish and fishery resources identified in Section 3.2.1 were grouped as hard bottom, 
soft bottom, and coastal pelagic.  These groups encompass federally managed fishes and 
invertebrates for which EFH was described in Section 3.2.1.3.  Potential impacts on these 
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groups of organisms through construction, operation, and decommissioning phases are 
described below.  
 
4.2.2.1.1 Construction 
 

Alternative A 
 
 The placement of bottom-founded structures during the construction phase may 
impact fish and fishery resources in several ways.  Primary impact producing factors are 
sediment disturbance, crushing of benthos (prey for bottom feeding fishes), and increased 
turbidity.  Installation of pilings and pipelines will disturb the seafloor and temporarily elevate 
turbidity.  Hard bottom areas, and therefore hard bottom fishes, are not present in the Gulf 
Landing LNG regasification terminal project area, and there will be no impacts to these groups.  
Coastal pelagic and soft bottom demersal fishes can be expected to move out of the area of 
installation activity while each phase is completed.  Penaeid shrimps also would move away 
from areas temporarily disturbed by construction.  Depending upon the amount of disturbance, 
displaced fishes and shrimps may or may not return.  The disruption of benthic invertebrate 
assemblages can indirectly affect bottom-feeding fishes by reducing the available prey base.  In 
either case, the impact to affected fish resources is considered negligible when the relative 
seafloor area impacted is considered. 
 
 Once put in place, bottom-founded structures will serve as artificial reefs or fish 
attraction devices (FADs).  For hard bottom species preferring bottom relief (e.g., snappers, 
groupers, spadefish), the presence of additional FADs may be considered a beneficial impact.  
Coastal pelagic fishes also will associate with the structures (Stanley and Wilson, 2000).  In 
addition, some larval fish species also may concentrate around the structure (Shaw et al., 
2002).  
 
 Effects of the GBS structure on food resources and feeding behavior would be 
observed in soft bottom species.  Soft bottom fishes that feed on benthos would be displaced 
from the 7.7 acres occupied by the GBS caissons and associated scour protection and from the 
smaller areas occupied by seafloor structures such as anchors, pipelines, and pilings.  Some 
minor loss of benthic (epifaunal and infaunal) food items would also occur.  Again, due to the 
small project footprint, these effects would be adverse but not significant and would occur only 
on a local scale. 
 
 Alternative B  
 
 It is anticipated that there would be no significant differences in the impacts realized 
to fish and EFH it this project were to take place in Block 183. 
 
 No Action 
 
 If this project does not take place, these specific impacts will not occur. 
 
4.2.2.1.2 Operations 
 
 Alternative A 
 
 Domestic wastes, bilge water, and ballast water may be discharged by support 
vessels and the LNGC during offloading activity.  Planktonic eggs and larval forms appear to be 
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at greatest risk (e.g., Kingsford, 1996), while juveniles and adults passing through a discharge 
will not be adversely affected.  With the anticipated safeguard and regulatory requirements 
governing marine discharges associated with the Gulf Landing LNG regasification terminal 
facility, it is anticipated that the impacts of discharges from OCS service and support vessels, as 
well as LNGCs to fishery resources, will be negligible. 
 
 The activities associated with the Gulf Landing LNG regasification terminal facility 
most likely to affect fish resources are the uptake and release of the seawater used to warm the 
LNG in the ORVs.  Possible impacts include both the entrainment and impingement of small 
planktonic organisms and fishes in the uptake water as it is pumped in from the GOM, and cool 
water effects as this water is released. 
 
 Entrainment and the associated phenomenon of impingement (the retention of larger 
fishes and other organisms on screens placed across the intakes) are considered significant 
impacts in projects that draw natural waters into a system for thermal alterations.  Entrainment 
generally affects smaller sized organisms including planktonic eggs and larvae of fishes and 
invertebrates.  Once drawn into the system, entrained organisms are subjected to mechanical 
damage by physical contact with pipes, screens, pumps, and other components.  In addition, 
chemical (sodium hypochlorite) treatment to retard biofouling within the intake system will 
present a toxicity challenge to entrained organisms.  Entrainment of fish eggs and larvae can be 
a significant source of mortality and possibly affect local populations in coastal and enclosed 
estuarine environments where volumes of plankton and larvae are high.  In the open GOM, 
densities, and species composition of fish eggs and larvae change in cross-shelf fashion 
(see Section 3.2.1.2).  Survey data indicate that ichthyoplankton volumes are lower in offshore 
waters than in coastal areas.  However, the finding that larvae of some species concentrate 
under and around offshore oil and gas platforms suggests that the Gulf Landing LNG 
regasification terminal may entrain appreciable numbers of species attracted to structures.  
 
 Entrainment rates can be estimated by multiplying known larval densities by the 
intake rate.  A study of larval fish densities and composition around oil and gas platforms in the 
northern GOM (Shaw et al., 2002) provided relevant data for such calculations pertaining to the 
Gulf Landing regasification operations.  These investigators collected larval fishes from around 
three platforms, including South Timbalier 54, which is located in water depths (60 m [197 ft]).  
Densities of larval fishes collected in plankton nets were used to calculate expected entrainment 
rates in fish per day for the seawater intake rate set forth in the Preferred Alternative 
(20,0000 m3/h).  The average density of larval fish, including all species, collected for South 
Timbalier 54 was 166 fish/100 m3.  When this value was multiplied by the 20,000 m3/h 
(480,000 m3/day) intake velocity, an entrainment rate of 796,800 fish/day was obtained.  
Table 4.14 gives estimated daily entrainment rates for various fish taxa found to be more 
common around platforms than in adjacent open offshore waters west of the Mississippi Delta 
(Shaw et al., 2002).  Several of the taxa such as snappers (Lutjanus spp.), little tunny 
(Euthynnus alletteratus), tunas (Thunnus spp.), king mackerel (Scomberomorus cavalla), jacks 
(Caranx hippos/latus), silver seatrout (Cynoscion arenarius), and Gulf butterfish (Peprilus burti) 
represent economically important (and federally managed) species.   
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Table 4.14.  Estimated entrainment rates for larval fishes collected near oil and gas platforms 
west of the Mississippi Delta (Source: Shaw et al., 2002). 

 

Taxa Density (fish/100 m3) Entrainment rate at 20,000 m3/h 
(fish/day) 

Decapterus punctatus 0.02 96 
Lutjanus spp. 0.61 2,928 
Microdesmus lanceolatus 1.19 5,712 
Ophichthidae 0.14 672 
Thunnus sp. 0.04 192 
Caranx hippos/latus 1.77 8,496 
Cynoscion arenarius 11.03 52,944 
Euthynnus alletteratus 3.28 15,744 
Peprilus burti 0.56 2,688 
Scomberomorus cavalla 1.84 8,832 
Symphurus spp. 7.51 36,048 
 
Other species 138 662,448 
Total fish 166 796,800 

 
 These estimates allow assessment of the potential levels of impact possible in terms 
of densities of fish entrained.  They should be viewed with caution, however, as there are 
numerous uncertainties involved.  Data from single platforms within a depth stratum cannot 
provide estimates of spatial variability necessary to make scientifically reliable projections.  
Larval fish distributions are notably patchy and vary greatly in time and space.  For example, 
Shaw et al. (2002) found that most fish larvae were collected in surface waters as opposed to 
near-bottom waters around the platforms. 
 
 The important aspect of larval mortality is its eventual effect on future adult 
populations.  It is reasonable to assume that all entrained organisms die in the process (Myers 
et al., 1986), but the population level impacts of these losses are uncertain.  Natural mortality of 
larval fishes is very high (ca. 90%) due to many factors such as predation, starvation, and 
disease (Houde, 1987).  Table 4.15 presents some extrapolations showing entrainment 
potential for populations of fish eggs and larvae within reference volumes of water around the 
proposed regasification facility.  Unfortunately, extrapolating estimates from the platform scale 
to a larger scale of observation such as a 10-km2 reference parcel of water or the entire water 
column of Block 213, must be done with great caution.  Intuitively, such an extrapolation should 
indicate that impacts at the population level would be minimal; however, estimates of this level 
are complex and fraught with uncertainty (Ambrose et al., 1996). 
 
Table 4.15.  Estimated present mortality at the population level caused by entrainment using 

several reference parcels of water in the intake area. 
 

Water Parcel Water Volume 
Potential 

Ichthyoplankton 
Population 

% Mortality Caused by 
Entrainment at 20,000 m3/h

100-m radius circle around intake point 534,070 m3 886,556 90% 
500-m radius circle around intake point 13,351,769 m3 22,163,936 3.6% 
Water volume within West Cameron 
Block 213 396,098,793 m3 657,523,996 0.12% 

Water volume in 10-km2 reference parcel 
(OTEC, 1979) 1,700,000,000 m3 2,822,000,000 0.03% 
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 Impingement occurs when larger organisms entering the intake system are blocked 
by mesh screens or other barriers.  Screens are used to prevent larger debris from damaging 
pumps and other parts of the intake system.  Fishes trapped against barriers can survive if they 
are removed before fatigue sets in.  Generally, impingement is a concern for organisms that are 
between 3 and 10 cm in length.  Fishes larger than 10 cm can swim fast enough to avoid the 
intake, whereas organisms smaller than 3 cm will pass through mesh and thus become 
entrained.  Fishes within the 3 to 10 cm size range should be able to avoid the proposed intake 
velocity of less than 0.15 m/s (less than 0.5 ft/s) (Myers et al., 1986).  Although the effect of 
impingement will be species-specific, the eventual mortality of impinged individuals is likely to 
be very high. 
 
 Measures to reduce the impacts of entrainment and impingement for cooling water 
intake systems (i.e., electrical generating plants) have been recently formulated by the EPA 
under the Clean Water Act, Section 316(b).  New measures adopted include reducing the intake 
velocity to 15 m/s (0.5 ft/s) and employing some type of fish barrier system to existing or new 
facilities.  EPA is currently assessing the relevance of these measures to the offshore oil and 
gas industry. 
 
 To minimize potential impacts, the Design Team designed the warming water intake 
system to avoid the entrainment of fish eggs and larvae as much as reasonably practical.  A 
diagram of this system is shown in Figure 2.4.  There will be two intake cages, each located in 
a structure supporting a crane pedestal.  The dimensions of each intake cage are 24.3 m long 
by 12.2 m wide.  There will be eight intake ports for each intake cage.  These intake ports will be 
located 5.7 m above the seafloor, high enough above the seafloor to prevent entrainment of 
cooler water from the discharge and deep enough to be well away from the surface layers 
where phytoplankton and zooplankton are concentrated.  Each intake port will be covered with a 
0.64-cm (0.25-in.) mesh screen to prevent larger fishes and invertebrates from entering the 
warming water intake. 
 
 Entrainment of marine organisms also may occur during the hydrostatic testing of the 
five take-away pipelines.  The volumes of water associated with this procedure are relatively 
limited, and the procedure is of short duration.  Impacts in this area will be adverse but not 
significant on an area-wide basis. 
 
 Gulf Landing LLC is continuing to investigate a number of the commercially available 
exclusion devices in order to reduce the potential loss of fish eggs and larvae further.  Many of 
the currently available plankton exclusion systems do not appear to be practical for open ocean 
applications; however, this technology is anticipated to improve over the life of this project.  Gulf 
Landing LLC proposes to continue to assess this problem and will incorporate new technology 
into their seawater uptake system as appropriate.  Gulf Landing LLC also has proposed a 
monitoring program to assess the effectiveness of the preventative measures built into their 
current intake system design (Appendix B) and potentially to assess new technology as it 
develops. 
 
 Uptake water will be cooled to an estimated 100C (180F) below ambient in the ORVs, 
then released back into the GOM.  The nature of these effects will depend upon the species and 
life stage exposed, duration of the discharge, relative and absolute change in temperature (∆T), 
and spatial extent of the discharge plume. 
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 Some open ocean fishes including mackerel sharks, tunas, and billfishes regulate 
their internal temperature to be higher than the ambient water and are considered warm blooded 
(endothermic).  However, most fishes, including those common to the Gulf Landing LNG 
regasification terminal area (see Section 3.2.1), are cold blooded or ectothermic; that is, their 
internal temperature tracks the ambient water temperature.  Each species has evolved to 
function, reproduce, and survive under a range of ambient temperatures, but most have 
preferred tolerance ranges.  When ambient temperature exceeds these tolerance limits, the 
individual will be stressed.  Fishes respond to dramatic temperature change by behavioral 
adjustment, physiological adjustment, or acclimating adjustments (Hazel, 1993).  There have 
been few laboratory investigations on the physiological adjustments or acclimation to thermal 
minima by GOM fishes (Graham, 1971, 1972; McBride and Able, 1998).  Behavioral responses 
to thermal stress will be species-specific, but in general, will entail swimming vertically or 
horizontally to escape the cold water plume, disorientation, erratic swimming, and succumbing 
to cold coma, lying motionless at the surface or on the bottom (Gilmore et al., 1978).  Low 
ambient temperature affects fishes at several levels of biological organization.  The primary 
effects occur at the molecular and cellular levels where the shapes and configuration of 
macromolecules that determine rates of metabolic chemical reactions and affect physiological 
function are altered (Hochachka and Somero, 1984; Hazel, 1993).  The collective result of these 
effects on individual organisms is called hypothermal stress or critical thermal minimum 
(Graham, 1971; Hazel, 1993). 
 
 Observations of fish kills in estuaries and coastal waters due to rapid atmospheric 
temperature drops indicate that exposure to cold minima between 6ºC to 10ºC (420F to 500F) 
over periods of 48 to 72 h can be stressful or lethal to all life stages of warm temperate and 
tropical fishes (Gunter and Hildebrand, 1951; Gilmore et al., 1978; Bohnsack, 1983).  The fish 
fauna of the northern GOM is predominantly warm temperate interspersed with many tropical 
elements (Briggs, 1974).  It is expected that many of the same species recorded in the estuarine 
cold kills (which occurred in Florida and Texas) inhabit shelf waters in the vicinity of the Gulf 
Landing LNG regasification terminal site, and these species include representatives from hard 
bottom, soft bottom, and coastal pelagic species groups.  As mentioned above, response to low 
temperature discharges will be species-specific, but certain taxa are likely to be more 
susceptible.  For example, slower swimming species such as filefishes, triggerfishes, puffers, 
and cowfishes may be unable to reach warm refugia quickly enough to avoid hypothermal 
stress.  These species were considered particularly susceptible in estuarine cold kills (Gilmore 
et al., 1978).  Similarly, small cryptic blennies and gobies that occupy small burrows or empty 
barnacle shells would be unable to escape by fleeing a cold water plume. 
 
 Direct exposure would occur in the lower water column near the discharge point; 
thus, all of the aforementioned species groups (hard bottom, soft bottom, and coastal pelagic), 
as well as their planktonic eggs and larvae, are susceptible.  Cold water may kill or retard the 
development of early life history stages occurring in coastal and estuarine waters (Gunter and 
Hildebrand, 1951; Gilmore et al., 1978; Bohnsack, 1983; McCormick and Molony, 1995; 
McBride and Able, 1998).  Eggs and larvae of fishes are commonly found in the surface waters 
of the open Gulf (Richards et al., 1989, 1993; Lycozkowski-Schultz, 1999), and some species 
may be concentrated around offshore structures (Shaw et al., 2002).  Higher impacts would be 
realized if eggs and larvae are unusually concentrated.  Thus, local circulation patterns greatly 
influence the degree of potential impact.   
 
 Population-level effects would not be likely given the total volumes expected and the 
ability of regasification waters to absorb thermal discharges (i.e., return to background levels 
within a few thousand meters of the discharge).  Modeling of the thermal plume from the Gulf 
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Landing LNG regasification terminal shows that under the Preferred Alternative, temperature 
reductions below ambient 100 m (328 ft) from the outfall are predicted to be 1.11°C (2oF) or 
less.  Worst case temperature deficiencies are expected to be 0.85°C (1.5oF) or less at a 
distance of 500 m (1,641 ft) from the outfall.  Seafloor areas occupied by cool water plumes in 
both stratified and unstratified conditions depend strongly on the current speed.  Under the 
Preferred Alternative as modeled in Appendix A-4, the area of seafloor affected by seawater 
with a ∆T of 0.85°C (1.5oF) in unstratified conditions would range from 0.5 to 2.31 ha (0.12 to 
5.71 acres).  In conditions of maximum stratification, the range of areas, where a ∆T of 0.85°C 
(1.5oF) below ambient can be expected is 0.5 to 2.16 ha (0.12 to 5.34 acres).  Any impacts to 
fish present within the area of the plume would be extremely localized and insignificant at the 
population level. 
 
 It is possible that over time the fish and invertebrate fauna associated with the 
structure and surrounding waters may transform into a more “cold-tolerant” assemblage 
composed of those members of the regional species pool adapted to survive and reproduce in 
lower segments of the ambient temperature range.  Again, this effect would be extremely 
localized and regionally insignificant. 
 
 Another possible source of impacts to fisheries that must be considered is the 
question of noise in the marine environment arising from the Gulf Landing LNG regasification 
terminal.  Continental Shelf Associates, Inc. (2000) reviewed effects of noise generated by 
seismic surveying on fishes.  This report stated that all fish species investigated can hear, with 
varying degrees of sensitivity, within the frequency range of sound produced by exploration, 
production, and decommissioning activities.  These sounds can mask the sounds normally used 
by fishes in their normal acoustic behaviors at levels as low as 60 to 80 dB (just above detection 
thresholds for many species).  Levels as high as 160 dB may cause fish to change their 
behaviors and movements, which may temporarily affect the usual distribution of animals and 
commercial fishing.  Continuous, long-term exposure to levels above 180 dB has been shown to 
cause damage to the hair cells of the ears of some fishes under some circumstances.  These 
effects may not be permanent since damaged hair cells are repaired and/or regenerated in 
fishes.  It seems likely that most fishes exposed to airgun shots at a distance of a few meters 
could receive inner ear damage as a result of source levels in the range between 210 and 
240 dB.  As the distance between the fish and the airgun sources increased, the probability of 
hearing impairment would decrease according to the nature of distance attenuation taking place 
in the ensonified environment.  The noise associated with Gulf Landing LNG regasification 
terminal operations is not anticipated to be environmentally significant in terms of fish species 
present and EFH. 
 
 Alternative B 
 
 Potential impacts to fish populations and EFH are anticipated to be essentially the 
same in West Cameron Block 183 as in West Cameron Block 213. 
 
 No Action 
 
 Under the No Action Alternative, these specific fisheries and EFH impacts would not 
take place. 
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4.2.2.1.3 Decommissioning 
 
 Alternative A 
 
 Major impact producing factors affecting fish resources as a result of the GBS 
facilities decommissioning and removal include discharges from vessels associated with 
decommissioning activities, and effects of either removal or abandonment of various 
components (e.g., anchors and other bottom-founded structures).  The use of explosives to 
remove bottom-founded GBS structures can kill or stun most of the fishes associated with the 
structures (Gitschlag et al., 2000).  Although as many as 6,000 individual fishes may be killed 
during an explosive removal event, this is not expected to cause population-level declines if 
explosives were used in the Gulf Landing project area.  
 
 In situ abandonment of bottom-founded structures would likely have an artificial reef 
or FAD effect for hard bottom fishes.  By comparison, the removal of structures will eliminate 
any FAD impacts.  Removal or abandonment operations are expected to be short-term and 
localized, creating only minor impacts to fish resources. 
 
 Impacts from bottom disturbances and discharges that occur during 
decommissioning/abandonment of the Gulf Landing LNG facility will be similar to those 
described for construction. 
 
 Alternative B 
 
 Potential impacts to fish populations and EFH from decommissioning an LNG 
regasification terminal are anticipated to be essentially the same in West Cameron Block 183 as 
in West Cameron Block 213. 
 
 No Action 
 
 Under the No Action Alternative, these specific fisheries and EFH impacts would not 
take place. 
 
4.2.2.2 Marine Mammals 
 
4.2.2.2.1 Construction 
 
 Alternative A 
 
 Impact producing factors that may affect marine mammals as a result of the 
installation of an offshore LNG terminal in the central planning area of the GOM include 
 

• degradation of water quality resulting from operational discharges from OCS 
service and construction vessels; 

• noise from OCS support helicopters and OCS vessels; 
• collisions with OCS vessels; and  
• ingestion of, or entanglement in, discarded debris. 

 
 Discharges from OCS service and construction vessels include bilge and ballast 
waters, and sanitary and domestic wastes.  The bilge water within these vessels may contain 
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some quantity of machinery waste oil and other chemicals.  The type and quantity of fluid waste 
discharges permitted from vessels offshore are a function of the distance of the vessel from 
shore, according to international protocols provided by MARPOL 73/78 (33 CFR 157).  It is 
anticipated that the Gulf Landing LNG regasification terminal will be installed at a distance of 
approximately 38 mi from shore.  This places the facility within the 200-nmi Economic Exclusion 
Zone (EEZ), where it is prohibited to discharge oil or oily waste.  However, non-oily fluid wastes 
from these vessels will be released, where they are expected to be diluted and dispersed 
rapidly.  With this anticipated level of vessel traffic and discharge, it is expected that the impacts 
of fluid waste discharges from OCS service and construction vessels to marine mammals will 
not be significant. 
 
 OCS logistic support helicopters and service and construction vessels can affect 
marine mammals from machinery noise and/or visual disturbances (Richardson et al., 1995).  
The degree of impacts associated with helicopter and vessel traffic appears to be highly 
variable, though transient, and may cause short-term behavioral changes such as disruption of 
activities or departure from the area of disturbance (Davis and Fargion, 1996).  There are cases 
where areas with heavy vessel traffic are avoided by marine mammals; however, most species, 
especially those which inhabit continental shelf waters, exhibit considerable tolerance to ship 
and aircraft noise.  Sounds from helicopters and vessels associated with installation of an LNG 
offshore terminal will originate from coastal ports and travel across the continental shelf to the 
project area.  In addition, activities involving the laying of export gas lines will involve operations 
on the continental shelf.  The effects of sound generated from these activities by helicopters and 
vessels are expected to potentially impact only those marine mammal species that are known to 
occur on the continental shelf of the north central GOM.  Activities associated with the 
installation phase of the LNG terminal are relatively short-term in duration.  Therefore, impacts 
to marine mammals resulting from sounds produced by OCS helicopter and vessel traffic during 
the construction of the Gulf Landing LNG regasification terminal are not expected to be 
significant. 
 
 The expected increase in OCS service vessel and construction vessel traffic 
associated with the installation of the LNG terminal may also increase the probability of 
collisions between these vessels and marine mammals.  The risk of collisions may vary, 
depending upon the species of marine mammal, location, and during vessel operations 
conducted at night and during other periods of reduced visibility.  Typically, marine mammals of 
the continental shelf (mostly delphinid cetaceans) are agile swimmers and are expected to 
easily avoid approaching OCS service and construction vessels.  Certain marine mammals, 
such as deep diving cetacean species, which spend extended periods of time at the surface 
(such as sperm whales), may be particularly vulnerable to collisions with offshore vessels.  
However, these species are not commonly sighted within mid-shelf waters of the project area.  
Within inshore waterways and coastal waters, the manatee (when present), may also be 
particularly vulnerable.  Collisions with a single marine mammal, which is currently listed as an 
endangered species, such as the sperm whale, would constitute a highly significant impact.  A 
collision with a nonlisted species would be considered adverse, but not locally or regionally 
significant. 
 
 Ingestion of, or entanglement with, discarded solid debris associated with the 
installment phase of an offshore LNG terminal can adversely impact marine mammals.  
Ingestion of plastic debris can impact the alimentary canal or remain within the stomach.  
Entanglement in plastic debris can result in reduced mobility, drowning, and constriction of and 
subsequent damage to limbs (MMC, 1998).  Currently, the discharge or disposal of solid debris 
from both OCS structures and vessels is prohibited by the MMS to lessees (30 CFR 250.40) 
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and the USCG (MARPOL, Annex V, Public Law 100-220 [101 Statute 1458]).  Therefore, debris 
from the proposed LNG terminal installation are not expected to adversely affect marine 
mammals in the GOM. 
 
 Alternative B 
 
 The potential for impacts to marine mammals during the construction phase of 
developing an LNG regasification terminal in West Cameron Block 183 would be the same as 
for Block 213. 
 
 No Action 
 
 Under the No Action Alternative, there would be no potential for these specific 
marine mammal impacts to occur. 
 
4.2.2.2.2 Operations 
 
 Alternative A 
 
 Impact producing factors that may affect marine mammals as a result of routine 
operations of an offshore LNG terminal in the Central Planning Area of the GOM include 
 

• degradation of water quality resulting from operational discharges from OCS 
service vessels and LNGCs;  

• a localized thermal plume of chilled seawater;  
• disturbances by OCS support helicopters, service vessels, and LNGCs; 
• collisions with service vessels and LNGCs; and  
• ingestion of, or entanglement in, discarded debris. 

 
 Operational discharges from OCS service vessels and LNGCs include bilge and 
ballast waters, and sanitary and domestic wastes.  The bilge and ballast waters within these 
vessels may contain some quantity of machinery waste oil or residual storage tank oil, 
respectively.  The type and quantity of fluid waste discharges from vessels offshore are a 
function of the distance of the vessel from shore, according to international protocols provided 
by MARPOL 73/78 (33 CFR 157).  Furthermore, there are significant limitations to discharges of 
bilge and ballast waters from tankers, with requirements in place for terminal areas to maintain 
onshore reception facilities to receive these wastes.  It is anticipated that the LNG terminal will 
operate at a distance from shore where it is permitted to discharge non-oily fluid wastes.  These 
wastes will be released into the open ocean where they are expected to be diluted and 
dispersed rapidly.  Therefore, it is not expected that fluid waste discharges from these sources 
will adversely or significantly impact marine mammals. 
 
 Thermal energy used to regasify LNG at the proposed offshore terminal will be 
extracted from ambient seawater.  The by-product of this process will be cooled water that will 
be discharged from the facility.  Based on modeling studies, the discharged water is expected to 
be 10oC (18oF) cooler than the ambient seawater.  The cooled water outfall will be discharged 
vertically 3 m (9.84 ft) above the seafloor through two vertical diffusers (Figure 2.4).  Based on 
volume flux, ambient water depth, and local currents, the cool water effluent plume may occupy 
the full water depth near the outfall and form a 1- to 4-m (3.3- to 13.1-ft) thick layer across large 
areas of seafloor adjacent to the discharge (Appendix A-4).  Marine mammals of the central 
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Gulf are exposed to rather wide, seasonal temperature fluctuations and are not expected to be 
adversely affected by this localized chilled water plume.  They feed on motile resources, which 
are, as well, capable of avoiding the thermal plume if necessary.  Therefore, effects of the 
chilled water discharge plume on marine mammals near the LNG terminal are not expected to 
be significant. 
 
 OCS helicopters, service vessels, and LNGCs can affect marine mammals from 
machinery noise and/or visual disturbances (Richardson et al., 1995).  The degree of impacts 
associated with helicopter and vessel traffic appears to be highly variable, though transient, and 
may cause short-term behavioral changes such as disruption of activities or departure from the 
area of disturbance (Davis and Fargion, 1996). 
 
 Sounds from helicopters and vessels associated with routine operations of the LNG 
terminal will originate from coastal ports and travel to the project area, located on the continental 
shelf.  Therefore, the effects of sound generated from these activities by OCS helicopter and 
vessel traffic are likely to affect only those marine mammal species that may occur on the 
central GOM shelf.  Sounds produced from these sources may, under some circumstances, 
result in the temporary displacement of certain individuals or groups, but impacts from OCS 
helicopter and vessel traffic on marine mammals will not be significant. 
 
 The expected increase in OCS service vessel and construction vessel traffic 
associated with the normal operations of the LNG terminal may also increase the probability of 
collisions between these vessels and marine mammals.  The risk of collisions may vary, 
depending upon the species of marine mammal, location, and during vessel operations 
conducted at night and during other periods of reduced visibility.  Typically, marine mammals of 
the continental shelf (mostly delphinid cetaceans) are agile swimmers and are expected to 
easily avoid approaching LNGCs and service vessels.  Certain marine mammals, such as deep 
diving cetacean species, which spend extended periods of time at the surface (such as sperm 
whales), may be particularly vulnerable to collisions with offshore vessels.  However, these 
species are not commonly sighted within mid-shelf waters of the project area.  Within inshore 
waterways and coastal waters, the manatee (when present) may also be particularly vulnerable.  
Collisions with a single marine mammal that is currently listed as an endangered species, such 
as the sperm whale, would constitute a highly significant impact.  A collision with a nonlisted 
species would be considered adverse, but not significant. 
 
 Ingestion of, or entanglement with, discarded solid debris associated with normal 
operations of the LNG terminal can adversely impact marine mammals.  Ingestion of plastic 
debris can impact the alimentary canal or remain within the stomach.  Entanglement in plastic 
debris can result in reduced mobility, drowning, and constriction of and subsequent damage to 
limbs (MMC, 1998).  Currently, the discharge or disposal of solid debris from both OCS 
structures and vessels is prohibited by the MMS to lessees (30 CFR 250.40) and the USCG 
(MARPOL, Annex V, Public Law 100-220 [101 Statute 1458]).  Therefore, debris discarded 
during the operations phase of the LNG terminal is not expected to adversely affect marine 
mammals in the central GOM. 
 
 Alternative B 
 
 The potential for impacts to marine mammals during the operations phase of an LNG 
regasification terminal in West Cameron Block 183 would be the same as for Block 213. 
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 No Action 
 
 Under the No Action Alternative, there would be no potential for these specific 
marine mammal impacts to occur. 
 
4.2.2.2.3 Decommissioning 
 
 Alternative A 
 
 Major impact producing factors affecting marine mammals as a result of the 
decommission and removal of an LNG terminal in the Central Planning Area of the GOM include  
 

• operational discharges from OCS service and construction vessels associated 
with decommissioning activities; 

• disturbances from OCS helicopters and service and construction vessels; 
• collisions with OCS vessel traffic; and 
• ingestion of, or entanglement in, discarded debris. 

 
 Explosives may be used to dismantle the GBS structure.  This could have adverse 
effects on marine mammals present in the area, but mitigation measures standardly required for 
platform removal projects can be implemented to prevent such impacts.  Under these 
conditions, the decommissioning of the Gulf Landing LNG regasification terminal is not 
anticipated to have adverse impacts on marine mammals. 
 
 Alternative B 
 
 The potential for impacts to marine mammals during the decommissioning  phase of 
an LNG regasification terminal in West Cameron Block 183 would be the same as for Block 213. 
 
 No Action 
 
 Under the No Action Alternative, there would be no potential for these specific 
marine mammal impacts to occur. 
 
4.2.2.3 Sea Turtles 
 
4.2.2.3.1 Construction 
 
 Alternative A 
 
 Impact producing factors that may affect marine turtles as a result of the installation 
of an LNG terminal in the Central Planning Area of the GOM include 
 

• degradation of water quality resulting from discharges from OCS service and 
construction vessels; 

• disturbance by OCS helicopters, and service and construction vessels; 
• collisions with OCS vessel traffic; and 
• ingestion of, or entanglement in, discarded debris. 
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 Operational discharges from OCS service and construction vessels include bilge and 
ballast waters, and sanitary and domestic wastes.  The bilge water within these vessels may 
contain some quantity of machinery waste oil and other chemicals.  The type and quantity of 
fluid waste discharges permitted from vessels offshore are a function of the distance of the 
vessel from shore, according to international protocols provided by MARPOL 73/78 (33 CFR 
157).  It is anticipated that the LNG terminal will be installed at a distance of approximately 38 mi 
from shore, a distance within the EEZ, where it is prohibited to discharge oil or oily waste.  
However, non-oily fluid wastes from these vessels will be released where expected to be dilute 
and dispersed rapidly.  With this anticipated level of vessel traffic and discharge, it is expected 
that the impacts of fluid waste discharges from OCS service and construction vessels to marine 
turtles will be not significant. 
 
 Machinery noise and/or visual disturbances from OCS logistic support helicopters, 
and service and construction vessels can affect marine turtles (National Research Council 
[NRC], 1990).  The degree of impacts associated with helicopter and vessel traffic appears to be 
highly variable, though transient, and may cause short-term behavioral changes such as 
disruption of activities or departure from the area of disturbance.  Generally, most species 
appear to exhibit considerable tolerance to ship and aircraft noise.  Sounds from helicopters and 
vessels associated with installation of the LNG terminal will originate from coastal ports and 
travel across the continental shelf to the project area.  In addition, activities involving the laying 
of export gas lines will involve operations on the continental shelf.  Therefore, the effects of 
sound generated from these activities by helicopters and vessels may impact any marine turtle 
species (and any life stage of these species) that is known to occur within the central GOM.  
However, activities associated with the installation phase of the LNG terminal are relatively 
short-term in duration.  Therefore, impacts to marine turtles resulting from sounds produced by 
OCS helicopter and vessel traffic are expected to be not significant. 
 
 The expected increase in OCS service vessel and construction vessel traffic 
associated with the installation of the LNG terminal may also increase the probability of 
collisions between these vessels and marine turtles.  The risk of collisions may vary, depending 
upon the location and during vessel operations conducted at night and during other periods of 
reduced visibility.  Data indicate that most turtle sightings occur within coastal waters and waters 
of the continental shelf.  Collisions with a single marine turtle would constitute a significant 
impact as all species are currently listed as endangered or threatened. 
 
 Ingestion of, or entanglement with, discarded solid debris associated with the 
installment phase of the LNG terminal can adversely impact marine turtles.  Reports of the 
ingestion of plastic and other non-biodegradable debris exist for almost all marine turtle species 
and life stages.  Ingestion of plastic debris can impact the alimentary canal or remain within the 
stomach.  Sublethal quantities of ingested plastic debris can result in effects, including positive 
buoyancy in certain turtles, making them more susceptible for collisions with vessels or 
increasing predation risk (Lutcavage et al., 1997).  Certain species of adult marine turtles such 
as loggerheads and leatherbacks appear to readily ingest certain plastic debris.  In offshore 
waters, floating or subsurface translucent plastic material and sheeting may be mistaken for 
gelatinous prey items such as jellyfish and siphonophores.  Entanglement in plastic debris can 
result in reduced mobility, drowning, and constriction of and subsequent damage to limbs 
(Lutcavage et al., 1997).  Currently, the discharge or disposal of solid debris from both OCS 
structures and vessels is prohibited by the MMS to lessees (30 CFR 250.40) and the USCG 
(MARPOL, Annex V, Public Law 100-220 [101 Statute 1458]).  Therefore, debris from the 
installation of the LNG terminal are not expected to adversely affect marine turtles in the central 
GOM. 
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 Alternative B 
 
 The potential for impacts to marine turtles during the construction phase of an LNG 
regasification terminal in West Cameron Block 183 would be the same as for Block 213. 
 
 No Action 
 
 Under the No Action Alternative, there would be no potential for these specific 
marine turtle impacts to occur. 
 
4.2.2.3.2 Operations 
 
 Alternative A 
 
 Major impact producing factors affecting marine turtles as a result of routine 
operations of an LNG terminal in the Central Planning Area of the GOM include 
 

• degradation of water quality resulting from operational discharges from 
OCS service vessels and LNGCs; 

• a localized thermal plume of chilled seawater;  
• disturbances from OCS support helicopters, service vessels, and LNGCs: 
• collisions with service vessels and LNGCs;  
• ingestion of, or entanglement in, discarded debris;  
• potential impingement of very young individuals on the screens protecting the 

seawater intake; and  
• attraction by lights on the GBS terminal. 

 
 Operational discharges from OCS service vessels and LNGCs include bilge and 
ballast waters, and sanitary and domestic wastes.  The bilge and ballast waters within these 
vessels may contain some quantity of machinery waste oil or residual storage tank oil, 
respectively.  The type and quantity of fluid waste discharges from vessels offshore are a 
function of the distance of the vessel from shore, according to international protocols provided 
by MARPOL 73/78 (33 CFR 157).  Furthermore, there are significant limitations to discharges of 
bilge and ballast waters from oil tankers, with requirements in place for terminal areas to 
maintain onshore reception facilities to receive these wastes.  It is anticipated that the LNG 
terminal will operate at a distance from shore where it is permitted to discharge non-oily fluid 
wastes.  These wastes will be released into the open ocean where they are expected to be 
diluted and dispersed rapidly.  Therefore, it is not expected that fluid waste discharges from 
these sources will adversely or significantly impact marine turtles. 
 
 Thermal energy used to gasify LNG at the proposed offshore terminal will be 
extracted from ambient seawater.  The by-product of this process will be cooled water that will 
be discharged at highly variable volumes from the facility.  Based on modeling studies, the 
discharged water is expected to be 10oC (18oF) cooler than the ambient seawater.  The cooled 
water outfall will be discharged vertically 3 m (9.84 ft) above the seafloor through two vertical 
diffusers (Figure 2.4).  Based on volume flux, ambient water depth, and local currents, the cool 
water effluent plume may occupy the full water depth near the outfall and form a 1- to 4-m 
(3.3- to 13.1-ft) thick layer across large areas of seafloor adjacent to the discharge 
(Appendix A-4). 
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 Marine turtles of the central Gulf are exposed to rather wide, seasonal temperature 
fluctuations and are not expected to be adversely affected by this localized chilled water plume.  
They, as a group, feed on a wide variety of prey items ranging from sessile benthic algae and 
seagrasses, to planktonic and motile resources.  The expected temperature drop within the 
discharge plume is not expected to significantly inhibit the growth of fouling organisms on 
exposed surfaces of the LNG terminal, which may provide a source of food for marine turtles.  
Motile prey items, such as decapod crustaceans, are capable of avoiding the thermal plume if 
necessary.  Therefore, effects of the chilled water discharge plume on marine turtles near the 
LNG terminal are not expected to be significant. 
 
 Machinery noise and/or visual disturbances from OCS support helicopters, service 
vessels, and LNGCs can affect marine turtles (NRC, 1990).  The degree of impacts associated 
with helicopter and vessel traffic appears to be highly variable, though transient, and may cause 
short-term behavioral changes such as disruption of activities or departure from the area of 
disturbance.  Sounds from helicopters and vessels associated with routine operations of the 
LNG terminal will originate from coastal ports and travel across the continental shelf to the 
project area.  Therefore, the effects of sound generated from these activities by OCS helicopter 
and vessel traffic may impact any marine turtle species and life stage that is known to occur 
within the central GOM.  It is expected that impacts to marine turtles resulting from sounds 
produced from these sources may, under some circumstances, result in the temporary 
displacement of certain individual animals.  Therefore, impacts from OCS helicopter and vessel 
traffic will not be significant. 
 
 The expected increase in OCS service vessel and LNGC traffic associated with 
normal operations of the LNG terminal may increase the probability of collisions between these 
vessels and marine turtles.  The risk of collisions may vary, depending upon the location and 
during vessel operations conducted at night and during other periods of reduced visibility.  
Survey data indicate that the majority of marine turtles are primarily distributed within coastal 
waters and waters of the continental shelf.  Any collision between an OCS vessel and a marine 
turtle would constitute a significant, though localized impact.  All marine turtle species are 
currently listed as endangered or threatened species. 
 
 The risk of vessel strikes around an LNG terminal facility may be increased by turtles 
feeding on the growth of fouling organisms that will develop on the exposed surfaces of the GBS 
caissons.  This risk is considered slight because all vessels maneuvering in close proximity to 
the LNG regasification terminal will be maneuvering at low speeds.  The flexible fender 
arrangement proposed for the mooring system at the Gulf Landing LNG regasification terminal 
will prevent sea turtles from inadvertently getting crushed between an LNGC and the GBS 
caissons forming the structure of the terminal. 
 
 Ingestion of, or entanglement with, discarded solid debris associated with normal 
operations of the LNG terminal can adversely impact marine turtles.  Reports of the ingestion of 
plastic and other nonbiodegradable debris exist for almost all marine turtle species and life 
stages.  Ingestion of plastic debris can impact the alimentary canal or remain within the 
stomach.  Sublethal quantities of ingested plastic debris can result in effects including positive 
buoyancy in certain turtles, making them more susceptible for collisions with vessels or 
increasing predation risk (Lutcavage et al., 1997).  Certain species of adult marine turtles, such 
as loggerheads and leatherbacks, appear to readily ingest certain plastic debris.  In offshore 
waters, floating or subsurface translucent plastic material and sheeting may be mistaken for 
gelatinous prey items such as jellyfish and siphonophores.  Entanglement in plastic debris can 
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result in reduced mobility, drowning, and constriction of and subsequent damage to limbs 
(Lutcavage et al., 1997).  Currently, the discharge or disposal of solid debris from both OCS 
structures and vessels is prohibited by the MMS to lessees (30 CFR 250.40) and the USCG 
(MARPOL, Annex V, Public Law 100-220 [101 Statute 1458]).  Therefore, debris from the LNG 
terminal are not expected to adversely affect marine turtles in the central GOM. 
 
 It is possible that sea turtles may be attracted to the GBS at night due to the 
operational and navigational lighting associated with the terminal.  Steps will be taken to ensure 
that deck lighting is shielded to minimize its off structure effect. 
 
 Alternative B 
 
 The potential for impacts to marine turtles during normal operations of an LNG 
regasification terminal in West Cameron Block 183 would be the same as for Block 213. 
 
 No Action 
 
 Under the No Action Alternative, there would be no potential for these specific 
marine turtle impacts to occur. 
 
4.2.2.3.3 Decommissioning 
 
 Alternative A 
 
 Major impact producing factors affecting marine turtles as a result of the 
decommissioning and removal of an LNG terminal in the Central Planning Area of the GOM 
include  
 

• operational discharges from OCS service and construction vessels associated 
with decommissioning activities; 

• disturbances from OCS helicopters and service and construction vessels; 
• collisions with OCS vessel traffic; and 
• ingestion of, or entanglement in, discarded debris. 

 
 If explosives are used for GBS removal, specific plans will have to be developed to 
prevent impacts to sea turtles potentially present at the project site.  None of these factors are 
anticipated to produce significant impacts to marine turtles once the required mitigation 
measures are in place. 
 
 Alternative B 
 
 The potential for impacts to marine turtles during decommissioning of an LNG 
regasification terminal in West Cameron Block 183 would be the same as for Block 213. 
 
 No Action 
 
 Under the No Action Alternative, there would be no potential for these specific 
marine turtle impacts to occur. 
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4.2.2.4 Coastal and Marine Birds 
 
4.2.2.4.1 Construction 
 
 Alternative A 
 
 Impact producing factors that may affect coastal and marine birds as a result of the 
installation of an offshore LNG terminal in the Central Planning Area of the GOM include 
 

• degradation of water quality resulting from discharges from OCS service and 
construction vessels;  

• disturbance from OCS helicopters, and OCS service and construction vessel 
traffic across or within coastal and nearshore habitats; and  

• ingestion of, or entanglement in, discarded debris. 
 
 Operational discharges from OCS service and construction vessels include bilge and 
ballast waters, and sanitary and domestic wastes.  The bilge water within these vessels may 
contain some quantity of machinery waste oil and other chemicals.  The type and quantity of 
fluid waste discharges permitted from vessels offshore are a function of the distance of the 
vessel from shore, according to international protocols provided by MARPOL 73/78 (33 CFR 
157).  It is anticipated that the LNG terminal will be installed at a distance of approximately 38 mi 
from shore, a distance within the EEZ, where it is prohibited to discharge oil or oily waste.  
However, non-oily fluid wastes from these vessels will be released where they are expected to 
be diluted and dispersed rapidly.  With this anticipated level of vessel traffic and discharge, it is 
expected that the impacts of fluid waste discharges from OCS service and construction vessels 
to coastal and marine birds will not be significant. 
 
 Helicopter and service vessel traffic related to the installment of an offshore LNG 
terminal could on occasion disturb individuals or groups of coastal or marine birds.  These 
disturbances would pertain to helicopter or service vessel travel within or across sensitive 
coastal habitats such as wetlands, which may support feeding, resting, or breeding birds.  The 
effects of disturbance from helicopter and vessel traffic associated with the LNG terminal 
installation are highly variable, based on the bird species, type of vehicle (helicopter, vessel, and 
type, relative noise level, and speed of vessel), altitude and distance of the vehicle, frequency of 
occurrence of the disturbance, and season.  Federal Aviation Administration (FAA) guidelines 
and corporate helicopter operatives request that pilots maintain a minimum altitude of 213 m 
(700 ft) while in transit offshore,  305-m (1,000-ft) altitude over unpopulated areas or across 
coastlines, and 610-m (2,000-ft) altitude over populated areas and sensitive habitats such as 
wildlife refuges and park properties.  Vessel operators are required to maintain slow, wake-free 
speeds while transiting across most sensitive inland waterways.  Therefore, with these 
guidelines in effect, it is assumed that helicopter traffic or vessel traffic associated with the 
installation of an offshore LNG terminal will not significantly affect coastal and marine birds in 
the central GOM. 
 
 Coastal and marine birds are susceptible to entanglement with discarded debris.  In 
addition, many species ingest particles of debris.  Entanglement with debris can lead to damage 
or loss of limbs, entrapment, or the prevention or hindrance of their ability to fly or swim.  
Ingested debris may irritate or block the digestive tract, impair digestion of food, or release toxic 
chemicals.  Currently, the discharge or disposal of solid debris from both OCS structures and 
vessels is prohibited by the MMS to lessees (30 CFR 250.40) and the USCG (MARPOL, 
Annex V, Public Law 100-220 [101 Statute 1458]).  Therefore, debris from the installation of an 
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offshore LNG terminal are not expected to adversely affect coastal and marine birds in the 
central and western GOM. 
 
 Alternative B 
 
 The potential for impacts to coastal and marine birds during construction of an LNG 
regasification terminal in West Cameron Block 183 would be the same as for Block 213. 
 
 No Action 
 
 Under the No Action Alternative, there would be no potential for these specific 
coastal and marine bird impacts to occur. 
 
4.2.2.4.2 Operations 
 
 Alternative A 
 
 Major impact producing factors affecting coastal and marine birds as a result of 
routine operations of an LNG terminal in the central planning area of the GOM include  
 

• degradation of water quality resulting from operational discharges from OCS 
service vessels and LNGCs; 

• a localized thermal plume of chilled seawater; 
• disturbances from OCS support helicopters, and service vessels within coastal 

and nearshore habitats;  
• ingestion of, or entanglement in, discarded debris; and 
• deck and navigational aid lighting. 

 
 Operational discharges from OCS service vessels and LNGCs include bilge and 
ballast waters, and sanitary and domestic wastes.  The bilge and ballast waters within these 
vessels may contain some quantity of machinery waste oil or residual storage tank oil, 
respectively.  The type and quantity of fluid waste discharges from vessels offshore are a 
function of the distance of the vessel from shore, according to international protocols provided 
by MARPOL 73/78 (33 CFR 157).  Furthermore, there are significant limitations to discharges of 
bilge and ballast waters from oil tankers, with requirements in place for terminal areas to 
maintain onshore reception facilities to receive these wastes.  It is anticipated that the LNG 
terminal will operate at a distance from shore where it is permitted to discharge non-oily fluid 
wastes.  These wastes will be released into the open ocean where they are expected to be 
diluted and dispersed rapidly.  Therefore, it is not expected that fluid waste discharges from 
these sources will adversely or significantly impact coastal and marine birds. 
 
 Helicopter and service vessel traffic related to normal operations of the LNG terminal 
could on occasion disturb individuals or groups of coastal or marine birds.  These disturbances 
would pertain to helicopter or service vessel travel within or across sensitive coastal habitats 
such as wetlands, which may support feeding, resting, or breeding birds.  The effects of 
disturbance from OCS helicopter and vessel traffic is highly variable, based on the bird species, 
type of vehicle (helicopter, vessel, and type, relative noise level, and speed of vessel), altitude 
and distance of the vehicle, frequency of occurrence of the disturbance, and season.  FAA 
guidelines and corporate helicopter operatives request that pilots maintain a minimum altitude of 
213 m (700 ft) while in transit offshore, 305-m (1,000-ft) altitude over unpopulated areas or 
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across coastlines, and 610-m (2,000-ft) altitude over populated areas and sensitive habitats 
such as wildlife refuges and park properties.  Vessel operators are required to maintain slow, 
wake-free speeds while transiting across most sensitive inland waterways.  Therefore, with 
these guidelines in effect, it is assumed that helicopter traffic or vessel traffic associated with 
normal operations of the LNG terminal will not significantly affect coastal and marine birds in the 
central GOM. 
 
 Coastal and marine birds are susceptible to entanglement with discarded debris.  In 
addition, many species ingest particles of debris.  Entanglement with debris can lead to damage 
or loss of limbs, entrapment, or the prevention or hindrance of their ability to fly or swim.  
Ingested debris may irritate or block the digestive tract, impair digestion of food, or release toxic 
chemicals.  Currently, the discharge or disposal of solid debris from both OCS structures and 
vessels is prohibited by the MMS to lessees (30 CFR 250.40) and the USCG (MARPOL, Annex 
V, Public Law 100-220 [101 Statute 1458]).  Therefore, debris from the proposed LNG 
operations are not expected to adversely effect coastal and marine birds in the central GOM. 
 
 During long over-water flights, migrant birds (other than seabirds) commonly use 
offshore oil and gas production platforms for rest stops or as temporary shelter from inclement 
weather.  It is thus believed that these platforms may serve a role as artificial islands for these 
species during their migrations (R. Russell, Louisiana State University Museum of Natural 
History, pers. comm., 1999).  This effect can be considered a beneficial impact. 
 
 It is possible that marine and migrating bird species may be adversely affected by 
the navigational and deck lighting of the GBS terminal.  Steps will be taken to shield deck and 
navigational lighting to minimize its skyward projection. 
 
 Alternative B 
 
 The potential for impacts to coastal and marine birds during routine operations of an 
LNG regasification terminal in West Cameron Block 183 would be the same as for Block 213. 
 
 No Action 
 
 Under the No Action Alternative, there would be no potential for these specific 
coastal and marine bird impacts to occur. 
 
4.2.2.4.3 Decommissioning 
 
 Alternative A 
 
 Major impact producing factors affecting coastal and marine birds as a result of the 
decommissioning and removal of an LNG terminal in the Central Planning Area of the GOM 
include 
 

• operational discharges from OCS service and construction vessels associated 
with decommissioning activities; 

• disturbances from OCS helicopters, and service and construction vessels within 
coastal and nearshore habitats; and 

• ingestion of, or entanglement in, discarded debris. 
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 These factors are not anticipated to have significant impacts on coastal and marine 
birds in the Gulf Landing LNG regasification terminal area for the reasons previously discussed. 
 
 Alternative B 
 
 The potential for impacts to coastal and marine birds during decommissioning of an 
LNG regasification terminal in West Cameron Block 183 would be the same as for Block 213. 
 
 No Action 
 
 Under the No Action Alternative, there would be no potential for these specific 
coastal and marine bird impacts to occur. 
 
4.2.2.5 Benthic Communities 
 
4.2.2.5.1 Construction 
 
 Alternative A 
 
 Construction vessel anchoring will disturb bottom sediments and crush some benthic 
organisms.  This impact to the benthic community is expected to be very limited in scope and 
insignificant in terms of the benthic community as a whole. 
 
 When the two caissons forming the GBS structure and associated scour protection 
are positioned they will cover an estimated 31,037 m2 (334,080 ft2) of the seafloor.  This 4.47-ha 
(11.05-acre) area will be permanently removed from the marine ecosystem over the life of this 
facility.  The actual seafloor occupied by the Gulf Landing LNG regasification terminal 
represents only 0.1% of the benthic habitat available in Block 213, and this removal of 
productive sea bed from the general ecosystem in Block 213 is considered insignificant. 
 
 Installation of the seawater intake pipe and the cool water discharge lines will 
temporarily disturb the local benthic community.  In addition, the turbidity associated with the 
jetting in of these pipes may have negative impacts on the benthic community beyond the zone 
of direct impacts.  Once these intake and discharge pipes are installed and covered, disturbed 
benthic habitat should repopulate rapidly.  The long-term effect of this disturbance on the 
regional benthic community should be negligible. 
 
 Burying or jetting in the five interconnector pipelines will impact a total of 1,605 acres 
of the benthic community.  Benthic organisms along the proposed interconnector pipeline 
ROWs will be killed or displaced as the jetting process takes place.  While a total of 1,605 acres 
ultimately will be impacted during this process, these impacts will not occur all at the same time.  
Each pipeline will be jetted in individually starting at one end and working to the other.  The 
benthic organisms seen in the Gulf Landing LNG regasification terminal area will repopulate 
disturbed sediment rapidly once the process causing the disturbance has ceased.  This means 
that communities will already be recovering along some of the routes disturbed while pipeline 
jetting is still occurring along other routes.  The overall impact of interconnector pipeline burial 
on the benthic community in the general vicinity of the Gulf Landing LNG regasification terminal 
will be negligible.  
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 Alternative B 
 
 The potential for impacts to the marine benthic community during construction of an 
LNG regasification terminal in West Cameron Block 183 would be essentially the same as those 
for Block 213.  There would be minimal differences in the area of bottom impacted due to 
differing interconnector natural gas take-away pipeline routes and lengths.  These differences 
would be insignificant on a regional or population level. 
 
 No Action 
 
 Under the No Action Alternative, these specific impacts would not occur in the 
benthic community. 
 
4.2.2.5.2 Operations 
 
 Alternative A 
 
 The cool water discharge for the ORVs may impact benthic communities, and EFH 
for shrimp in the project area.  This cool water discharge will be a constant factor in the marine 
environment over the life of the Gulf Landing LNG regasification terminal.  Modeling of the 
thermal plume from the Gulf Landing LNG regasification terminal shows that under the 
Preferred Alternative, temperature reductions below ambient 100 m (328 ft) from the outfall are 
predicted to be 1.11°C (2oF) or less.  Worst case temperature deficiencies are expected to be 
0.85°C (1.5oF) or less at a distance of 500 m (1,641 ft) from the outfall.  Seafloor areas occupied 
by cool water plumes in both stratified and unstratified conditions depend strongly on the current 
speed.  Under the Preferred Alternative as modeled in Appendix A-4, the area of seafloor 
affected by seawater with a ∆T of 0.85°C (1.5oF) in unstratified conditions would range from 
0.5 to 2.31 ha (0.12 to 5.71 acres).  In conditions of maximum stratification, the range of area, 
where a ∆T of 0.85°C (1.5oF) below ambient can be expected is 0.5 to 2.16 ha (0.12 to 
5.34 acres).  
 
 Benthic organisms seen in the northern GOM are able to withstand seasonal 
temperature fluctuations of a much greater range than those caused by the Gulf Landing LNG 
regasification terminal’s cool water discharge.  There will be no fatalities or kills from this 
discharge; however, the chronic nature of this cold water exposure may cause a gradual shift in 
the benthic community in the immediate vicinity of the discharge point.  In terms of the overall 
benthic community in this area, any change in the faunal composition of 2.31 ha (5.71 acres) of 
seafloor is insignificant.  For the immediate area of the cool water plume discharge, a change in 
composition of the bottom fauna might have positive environmental effects by providing a more 
productive habitat for fish feeding and shrimp production. 
 
 Alternative B 
 
 The potential for impacts to the marine benthic community during routine operation of 
an LNG regasification terminal in West Cameron Block 183 would be essentially the same as for 
Block 213. 
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 No Action 
 
 Under the No Action Alternative, these specific impacts would not occur in the 
benthic community. 
 
4.2.2.5.3 Decommissioning 
 
 Alternative A 
 
 Bottom disturbance from the removal of the GBS caissons forming the Gulf Landing 
regasification terminal will impact benthic communities in two ways.  These are as follows: 
 

1) The physical removal of the GBS caissons from the bottom will disrupt the 
benthic community in the immediate vicinity of the structure; and 

 
2) The removal of the caissons will dislodge the sessile invertebrate community that 

has developed on the GBS structure over the years of its useful life.  This 
community will fall to the bottom and have an impact on the sediment 
composition at the terminal site once the caissons have been removed. 

 
 Both types of benthic impacts are expected to be very localized and insignificant in 
terms of the overall benthic community seen in West Cameron Block 213. 
 
 The removal of the seawater intake caisson and abandonment of the intake pipe as 
well as the abandonment of the cool water discharge pipes will temporarily disrupt the benthic 
community in those areas.  This community is expected to rapidly recover once these structures 
have been removed, and these impacts are considered insignificant. 
 
 There will be bottom disturbance associated with the abandonment of the five 
interconnector pipelines.  They will be short lived and insignificant in terms of the overall benthic 
community in West Cameron Block 213. 
 
 Alternative B 
 
 The potential for impacts to the marine benthic community during decommissioning 
of an LNG regasification terminal in West Cameron Block 183 would be essentially the same as 
for Block 213.  There would be minimal differences in the area of bottom impacted due to 
differing interconnector natural gas take-away pipeline routes and lengths.  These differences 
would be insignificant on a regional or population level. 
 
 No Action 
 
 Under the No Action Alternative, these specific impacts would not occur in the 
benthic community. 
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4.2.2.6 Pelagic Communities 
 
4.2.2.6.1 Construction 
 
 Alternative A 
 
 Construction vessel discharges of wastewater, and deck runoff from these vessels 
could impact water quality and thus impact the pelagic community.  In the case of the Gulf 
Landing LNG regasification terminal, all vessels used in the construction phase of this project 
will have USCG approved wastewater control and containment systems.  Wastewater treatment 
and discharge systems will follow 33 CFR Subchapter ‘O’ and MARPOL facilities requirements, 
which means all systems will be USCG approved MSDs.  No oil discharges are allowed, 
although clean rainwater discharges are permitted.  
 
 Turbidity associated with the installation of the seawater intake structure and cool 
water discharge pipes will impact water quality, and thus will impact pelagic organisms to some 
degree.  These impacts will be limited in area and should be insignificant relative to the total 
pelagic community in the project area. 
 
 Hydrostatic testing of the five interconnector natural gas pipelines will impact water 
quality at the project site and may therefore impacts members of the pelagic community.  In 
total, over 7 million gal. of water used for this purpose will be discharged at the Gulf Landing 
LNG regasification terminal location; however, these discharges will not occur all at one time.  
No biocides are to be used in the seawater used for hydrostatic testing, and the impacts to the 
pelagic community are considered to be negligible. 
 
 The turbidity associated with the jetting in of the five interconnector pipelines will 
impact water quality in the immediate vicinity of the jetting sled and may affect pelagic 
organisms.  This effect will be extremely localized and environmentally insignificant. 
 
 Alternative B 
 
 The potential for impacts to the pelagic community during construction of an LNG 
regasification terminal in West Cameron Block 183 would be essentially the same as for 
Block 213.  There would be minimal differences in the turbidity impacts associated with burying 
the interconnector pipelines due to differing routes and lengths.  These differences would be 
insignificant on a regional or population level. 
 
 No Action 
 
 Under the No Action Alternative, these specific impacts would not occur in the 
pelagic community. 
 
4.2.2.6.2 Operations 
 
 Alternative A 
 
 LNGC vessel marine discharges, tug and support vessel discharges, and platform 
wastewater discharges as well as deck runoff could impact water quality in the project area and 
thus affect the pelagic community.  The mechanisms for regulating and controlling these 
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discharges have been previously discussed, and their potential for producing impacts in the 
pelagic community is considered negligible. 
 
 Seawater intake for the ORVs may impact planktonic and fish communities in the 
project area.  As previously discussed, the Gulf Landing LNG regasification terminal facility has 
taken steps in the design of their warm water intake structures to minimize any potential for the 
uptake of plankton, ichthyoplankton, or small fishes.  Specifically, these mitigation measures 
include placing the intake near the bottom inside a specifically designed caisson that will limit 
the presence of plankton, fish, and large invertebrates near the intake cage.  Water flow into the 
caisson will be below the 15-m/s (0.5-ft/s) rate required by the EPA for inshore facilities drawing 
water from rivers or estuaries.  The fact the caissons completely enclose the intake cage from 
above the sea’s surface to the seafloor will limit the possibility of plankton and fish or 
invertebrate larvae being near the actual intake port.  With these mitigation measures in place, 
the environmental impacts of the warm water intake proposed for the Gulf Landing LNG 
regasification terminal are considered insignificant at the population level. 
 
 The cool water discharged after this seawater has been used to regasify LNG in the 
ORVs could impact the pelagic community and the EFH provided by the water column.  With the 
mitigation measures in terms of discharge rate and discharge design configuration modeled in 
Appendix A-4, the possibilities for such impacts to be felt at the population level are extremely 
limited.  Temperature reductions in the water column are extremely limited in terms of area 
affected, and the potential environmental impacts from this discharge in the pelagic community 
are considered insignificant.  
 
 Alternative B 
 
 The potential for impacts to the pelagic community during normal operation of an 
LNG regasification terminal in West Cameron Block 183 would be essentially the same as for 
Block 213.  
 
 No Action 
 
 Under the No Action Alternative, these specific impacts would not occur in the 
pelagic community. 
 
4.2.2.6.3 Decommissioning 
 
 Alternative A 
 
 If there are marine discharges from the construction vessels used to remove the 
various elements of the Gulf Landing LNG regasification facility, there could be impacts to the 
pelagic community.  Actual discharges from the vessels are considered extremely unlikely for 
the reasons stated previously, and the potential for environmental impacts in this area is 
considered negligible. 
 
 Turbidity associated with the removal of all the structures associated with the Gulf 
Landing LNG regasification terminal and the five interconnector pipelines may impact water 
quality and thus the pelagic community.  These impacts would be short-term and localized, and 
their environmental significance is rated as minimal. 
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 Alternative B 
 
 The potential for impacts to the pelagic community during decommissioning of an 
LNG regasification terminal in West Cameron Block 183 would be essentially the same as for 
Block 213.  There would be minimal differences in the area of bottom impacted associated with 
the removal of the interconnector natural gas take-away pipeline due to differences in routes 
and lengths.  These differences would be insignificant on a regional or population level. 
 
 No Action 
 
 Under the No Action Alternative, these specific impacts would not occur in the 
pelagic community. 
 
4.2.2.7 Coastal Habitats 
 
4.2.2.7.1 Construction 
 
 Alternative A 
 
 Construction of the caisson elements forming the Gulf Landing LNG regasification 
terminal will take place in an existing construction yard in the GOM.  While the final selection of 
the site for constructing the required graving dock has not yet been made, all potential sites are 
being evaluated based on a number of environmental parameters.  These include the following: 
 

• Flora and fauna, including wetlands potentially impacted; 
• Background noise levels; 
• Visual impact;  
• Air and water pollution in the surrounding environment; and 
• The potential for restoration and aftercare of the graving dock site. 

 
  Gulf Landing LLC will conduct the casting of the GBS caissons required for this 
project in such a way that there will be no long-term impacts to coastal habitats or communities.  
There will be no onshore facilities constructed in association with this project, other than the 
graving dock or casting basin for the two required caissons, and none of the construction yards 
being considered for this project will have to expand their facilities for this project.  
 
 It is estimated that the following volumes of sediments would have to be removed 
during the GBS construction process: 
 

• Casting basin - approximately 1,000,000 m3 (1,308,000 yd3).  This material will 
most likely be stored on site to be used in site restoration once construction is 
complete; 

• Entrance berm - approximately 200,000 m3 (261,600 yd3).  This material would 
again most likely be stored on site; and 

• Casting basin to channel - approximately 150,000 m3 (196,200 yd3).  This 
material would be disposed of in an approved dredged material disposal site. 

 
 It also is possible that the shipping or exit channel at the construction site might need 
to be dredged if the depth were less than 13.7 m (45 ft).  Depending upon the site selected, 
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these dredged volumes could run as high as 350,000 m3 (457,800 yd3).  This material also 
would be disposed of in a designated dredged material disposal site. 
 
 These dredging activities would impact water quality and benthic communities in 
their immediate vicinity, but these impacts would be localized and short-term. 
 
 The increased ship traffic associated with three tugs making 135 round trips to the 
terminal facility per year may adversely affect coastal habitats by increasing ship channel 
erosion.  These impacts, if they occur, would be localized, and while adverse, they would not be 
regionally significant. 
 
 Alternative B 
 
 The potential for impacts to coastal communities during construction of the LNG 
regasification terminal caissons will be the same for Alternative A or B.  Construction and 
restoration procedures at any final construction site selected will be designed to minimize and/or 
mitigate all impacts experienced in the coastal zone from construction activities. 
 
 No Action 
 
 Under the No Action Alternative, these specific impacts in the coastal zone would not 
occur. 
 
4.2.2.7.2 Operations 
 
 Alternative A 
 
 Under normal operating conditions, there will be no impacts in coastal communities 
or habitats from any activity associated with the Gulf Landing LNG regasification terminal in 
Block 213. 
 
 Alternative B 
 
 Under normal operating conditions, there would be no impacts in coastal 
communities or habitats from any activity associated with the Gulf Landing LNG regasification 
terminal in Block 183. 
 
 No Action 
 
 Under the No Action Alternative, there would be no impacts in coastal communities. 
 
4.2.2.7.3 Decommissioning 
 
 Alternative A 
 
 The material removed when the Gulf Landing LNG regasification terminal is 
decommissioned will have to be disposed of in an environmentally sound fashion.  Gulf Landing 
LLC will make suitable arrangements at that time to ensure no environmental impacts in coastal 
habitats result from the final disposal of this material. 
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  Alternative B 
 
 There would be no impacts in coastal communities or habitats from 
decommissioning the Gulf Landing LNG regasification terminal in Block 183. 
 
 No Action 
 
 Under the No Action Alternative, there would be no impacts in coastal communities. 
 
4.2.3 Impacts on the Socioeconomic Environment 
 
4.2.3.1 Commercial and Recreational Fishing 
 
 Important commercial fisheries occurring in the Gulf Landing LNG regasification 
terminal area were identified (Section 3.3.1) as bottom trawling for shrimp, handlining for 
snapper and other bottom fishes, and purse netting for menhaden.  The most important impact 
to commercial and recreational fisheries from oil and gas structures and their attendant activities 
is space use: the preclusion of fishers from viable fishing grounds over time. 
 
4.2.3.1.1 Construction 
 
 Alternative A 
 
 Placement of the GBS caissons will disturb the seafloor, causing turbidity and driving 
fishes away from the general area for a short period of time (see Section 4.2.2.1).  This 
disturbance of local fish populations will also occur when the interconnector pipelines are laid 
and buried.  Again, these disturbances will be localized and short-term.  Terminal construction 
and pipelaying vessels will restrict fishing activities in their immediate vicinity while they are 
operating.  Again, these will be short-term and minor inconveniences for fishermen. 
 
 Alternative B 
 
 While the site-specific impacts to commercial and recreational fishing would be 
slightly different if a regasification terminal were to be built in Block 183, the region-wide effect 
would be essentially the same as under Alternative A. 
 
 No Action 
 
 Under the No Action Alternative, there would be no change in existing commercial 
and recreational fishing activity. 
 
4.2.3.1.2 Operations 
 
 The presence of GBS structures will have an FAD effect and increase the 
productivity of hard bottom and coastal pelagic species.  This would be attractive to handline 
commercial and recreational fishers.  Unfortunately, they will be excluded from the direct use of 
these resources due to marine safety and security considerations.  Commercial trawlers and 
purse netters also would be precluded from the area around the regasification structure.  The 
USCG has designated the area within 500 m (1,640 ft) of any LNG regasification terminal as an 
exclusion zone, and all other uses (such as fishing) are forbidden within that distance from the 
deepwater port. 
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 In terms of the Gulf Landing LNG regasification terminal, this means approximately 
108 ha (268 acres) will be removed from commercial and recreational fishing over the lifetime of 
the terminal. 
 
 The impacts of discharges and wastes, entrainment and impingement, and noise on 
fishes, including commercial and recreational species, are discussed in Section 4.2.2.1. 
 
 Alternative B 
 
 While site impacts to commercial and recreational fishing would be slightly different if 
a regasification terminal were to be built and operated in Block 183, the region-wide effect would 
be essentially the same as under Alternative A. 
 
 No Action 
 
 Under the No Action Alternative, there would be no change in existing commercial 
and recreational fishing activity. 
 
4.2.3.1.3 Decommissioning 
 
 Alternative A 
 
 The area precluded from commercial and recreational fishing during 
decommissioning would be dependant upon several factors, including when each 
decommissioning step will be completed relative to the remaining steps.  The presence of 
barges and support vessels could temporarily preclude fishers from the area while the 
decommissioning process occurs.  Once the area is abandoned and the seafloor restored to its 
original condition, the area would again be open to commercial and recreational fishing.  
Decommissioning will result in negligible impacts to commercial and recreational fisheries. 
 
 Alternative B 
 
 While site impacts to commercial and recreational fishing would be slightly different 
during the decommissioning of an LNG regasification terminal in Block 183, the region-wide 
effect would be essentially the same as under Alternative A. 
 
 No Action 
 
 Under the No Action Alternative, there would be no change in existing commercial 
and recreational fishing activity. 
 
4.2.3.2 Oil and Gas Exploration and Production 
 
4.2.3.2.1 Construction 
 
 Alternative A 
 
 The infrastructure for constructing offshore platforms and facilities generally similar 
to those proposed for the Gulf Landing LNG regasification terminal is well established 
throughout the GOM region.  All facilities will be constructed in existing construction yards 
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located in the Gulf States, and local contractors will be used for topside deck installation.  The 
use of these existing resources should not conflict with other types of construction projects 
planned or underway by other members of the petroleum and natural gas exploration and 
development community.  
 
 Alternative B 
 
 Impacts to offshore oil and gas exploration and production would be the same 
whether the LNG regasification terminal is constructed in Block 183 or 213.  
 
 No Action 
 
 Under the No Action Alternative, there would be no effects on offshore oil and gas 
exploration and production. 
 
4.2.3.2.2 Operations 
 
 Alternative A 
 
 The leasing or obtaining of an easement for portions of the surface area of an OCS 
lease block, as well as the establishment of fairways for LNGC navigation, will restrict the 
MMS’s ability to lease the subsurface mineral rights in the area of the Gulf Landing LNG 
regasification terminal deepwater port.  The total area affected by leases or easements 
associated with the Gulf Landing LNG regasification terminal should not adversely impact 
overall petroleum exploration and development in the northern GOM.  Within West Cameron 
Block 213, the facility and its associated anchorages and LNGC approach routes will encumber 
most of that block.  It is possible the Federal government, through the MMS, may lose some 
potential revenue from mineral rights potentially leased in West Cameron Block 213, but that 
block has been offered in the last several lease sales without being leased, and its potential for 
oil and gas development is considered slight. 
 
 Alternative B 
 
 Impacts to the MMS’s program of offshore mineral rights leasing would be essentially 
the same if an LNG regasification terminal were built in either Block 183 or 213.  Building an 
LNG regasification terminal in Block 183 would entail longer access routes for LNGCs once they 
left the established fairways, and thus might reduce the desirability of the blocks through the 
transit for petroleum exploration or development.  There is also some evidence that Block 183 is 
more desireable than Block 213 for oil and gas exploration and development.  Block 183 was 
leased in the last MMS lease sale, whereas Block 213 has never been leased.  
 
 No Action 
 
 Under the No Action Alternative, there would be no effects on offshore oil and gas 
exploration and production. 
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4.2.3.2.3 Decommissioning 
 
 Alternative A 
 
 There should be no adverse impacts to offshore oil and gas exploration and 
development from the decommissioning of the Gulf Landing LNG regasification terminal in 
Block 213. 
 
 Alternative B 
 
 Impacts to offshore oil and gas exploration and production would be the same 
whether the LNG regasification terminal was decommissioned in Block 183 or 213.  
 
 No Action 
 
 Under the No Action Alternative, there would be no effects on offshore oil and gas 
exploration and production. 
 
4.2.3.3 Marine Shipping 
 
4.2.3.3.1 Construction 
 
 Alternative A 
 
 Tug and support boats, construction vessels, and construction activity associated 
with the Gulf Landing LNG regasification terminal will be operating in, and limited to a confined 
and specific area of the OCS.  These activities should have no impacts on existing marine 
shipping or vessel traffic in the northwestern GOM. 
 
 Alternative B 
 
 Construction of an LNG regasification terminal in Block 183 should have no more 
effect on offshore marine shipping than conducting this same action in Block 213. 
 
 No Action 
 
 Under the No Action Alternative, there would be no effects on offshore marine 
shipping. 
 
4.2.3.3.2 Operations 
 
 Alternative A 
 
 Operations at the Gulf Landing LNG regasification terminal deepwater port will 
generate an additional 135 trips per year by LNGCs into the GOM.  These transport vessels will 
increase the annual tanker traffic within the offshore arm of the Calcasieu Fairway, but this 
increase will be confined to offshore waters and should not impact coastal shipping.  LNGCs will 
be arriving and departing the Gulf Landing LNG regasification terminal at approximately 2-day 
intervals.  The presence of these vessels should have no adverse impacts on overall marine 
shipping in the northern GOM. 
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 Alternative B 
 
 Building and operating an LNG regasification terminal in Block 183 would require 
longer access routes for LNGCs once they left the established fairways.  Considering the 
number of offshore petroleum platforms and structures within this area, these longer access 
routes for LNGCs are considered a significant disadvantage from a marine navigational safety 
point of view.  In this case, Alternative B is a less desirable alternative than Alternative A. 
 
 No Action 
 
 Under the No Action Alternative, there would be no effects on offshore marine 
shipping. 
 
4.2.3.3.3 Decommissioning 
 
 Alternative A 
 
 There will be no adverse impacts on marine shipping in the northern GOM from the 
decommissioning of the Gulf Landing LNG regasification facilities. 
 
 Alternative B 
 
 There would be no adverse impacts on marine shipping in the northern GOM from 
the decommissioning of an LNG regasification terminal in Block 183. 
 
 No Action 
 
 Under the No Action Alternative, there would be no effects on offshore marine 
shipping. 
 
4.2.3.4 Cultural Resources 
 
 A cultural resources survey of the proposed Gulf Landing LNG regasification terminal 
site in West Cameron Block 213 was performed in May 2003.  No areas within the block were 
identified as having a high probability for prehistoric cultural resources.  Thirty-four magnetic 
anomalies and seven unidentified sonar contacts were recorded within the survey area.  Due to 
the amplitude and duration of four of these magnetic anomalies, these three locations were 
marked for avoidance as possible historic cultural resources (C&C Technologies, 2003).  None 
of the sonar contacts were felt to be archeologically significant.  Gulf Landing LLC has avoided 
the magnetic anomalies as recommended in the positioning of their LNG regasification terminal 
within Block 213. 
 
 Cultural resources surveys were performed along each of the proposed five natural 
gas take-away pipeline routes in August 2003.  All indicated prehistoric and historic cultural 
resources along these routes will be avoided. 
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4.2.3.4.1 Construction 
 
 Alternative A 
 
 No prehistoric or modern cultural resources are indicated at the proposed project 
site.  If evidence of previously undiscovered prehistoric or modern cultural resources were 
discovered during the construction phase of this project, construction activity would be halted 
until a full and complete evaluation of these potential resources could be completed, and a 
mitigation plan proposed if necessary. 
 
 Alternative B 
 
 No prehistoric or modern cultural resources were indicated in a cultural resources 
survey of West Cameron Block 182, adjacent to Block 183, the proposed alternative.  Based on 
local subsurface geological conditions, it is assumed that the presence of prehistoric cultural 
resources in Block 183 would be unlikely.  If Alternative B were selected as the preferred 
alternative, the same conditions regarding historical cultural resources would apply, and it is 
very unlikely there would be any adverse impacts to cultural resources in this block it they are 
present. 
 
 No Action 
 
 Under the No Action Alternative, there would be no impacts to cultural 
resources. 
 
4.2.3.4.2 Operations 
 
 Alternative A 
 
 There will be no impacts to offshore or onshore cultural resources from operational 
activities at the Gulf Landing LNG regasification terminal. 
 
 Alternative B 
 
 There would be no impacts to offshore or onshore cultural resources from 
operational activities of an LNG regasification terminal in Block 183. 
 
 No Action 
 
 Under the No Action Alternative, there would be no impacts to offshore or onshore 
cultural resources. 
 
4.2.3.4.3 Decommissioning 
 
 Alternative A 
 
 There will be no impacts to offshore or onshore cultural resources from the 
decommissioning of the Gulf Landing LNG regasification terminal. 
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 Alternative B 
 
 There would be no impacts to offshore or onshore cultural resources from the 
decommissioning of an LNG regasification terminal in Block 183. 
 
 No Action 
 
 Under the No Action Alternative, there would be no impacts offshore or onshore 
cultural resources from the decommissioning of the Gulf Landing LNG regasification terminal. 
 
4.2.3.5 Military Uses 
 
 Areas designated as military use areas within the GOM are all well away from the 
site proposed for the Gulf Landing LNG regasification terminal (Figure 3.10).  There will no 
impacts to military activities caused by either the construction, operation, or decommissioning of 
the Gulf Landing LNG regasification terminal in West Cameron Block 213 or 183. 
 
4.2.3.6 Onshore Socioeconomic Conditions and Concerns 
 
4.2.3.6.1 Construction 
 
 Fabrication of the majority of the Gulf Landing LNG regasification terminal 
components will take place in local construction yards throughout the Gulf States.  Some 
specialized pieces of equipment associated with LNG handling and regasification may have to 
be purchased abroad, but the majority of the work associated with construction of this project 
will be done by U.S. contractors.  Construction yard expansions are not expected in order to 
handle this work, nor is a significant expansion of existing labor forces anticipated.  There 
should be no significant impacts to the socioeconomic situation in the Gulf States as a result of 
this project. 
 
4.2.3.6.2 Operations 
 
 Operation of the Gulf Landing LNG regasification deepwater port will employ 
approximately 60 people.  These personnel will be split between onshore and offshore as 
appropriate.  Most of these people will come from the northwest GOM labor pool. 
 
4.2.3.6.3 Decommissioning 
 
 Ships and crews employed in the decommissioning of the Gulf Landing LNG 
regasification facilities are anticipated to come from existing marine contractors in the GOM.  
There will be no significant socioeconomic impacts from the decommissioning of this project. 
 
4.3 POTENTIAL IMPACTS OF ACCIDENTS/UPSETS 
 
4.3.1 Serviceability Criteria for Storm Resistance 
 

Ultimate limit state design codes and standards have been defined for each of the 
specific building blocks of the GBS LNG import terminal (i.e., structural, foundation, tanks, 
topsides, etc.).  In addition to the ultimate limit state design criteria, serviceability criteria have 
been set for the terminal design.  Whereas, the ultimate limit state design criteria are typically 
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derived from existing and pre-defined guidelines, serviceability criteria are rather subjective and 
require definition on a case-by-case basis. 
 

The DNV structural design codes used for the GBS concrete design specify two 
particular environmental design conditions: the 100-year condition and 10,000-year condition.  
The serviceability design criteria for these two environmental conditions are defined below. 
 
4.3.1.1 Serviceability Criteria for the 100-year Hurricane Condition 
 

After a 100-year hurricane event, the terminal is expected to be able to start up 
immediately after personnel have returned to the facility.  The terminal should not experience 
any downtime during start-up due to damaged terminal components and/or equipment.  Only 
superficial damage (e.g., handrails) is acceptable.    
 
4.3.1.2 Serviceability Criteria Related to 10,000-year Hurricane Condition 
 

After a 10,000-year hurricane event, the concrete GBS structures are expected to be 
intact and in place, but to have considerable topside damage.  It is anticipated that the facility 
will not to be able to start up for a certain period of time.  Although local damage is acceptable, 
damage of certain key components cannot be tolerated.  
 

The length of time required to return to operational readiness is uncertain and 
depends on the extent of damage.  However, certain repairs might be required, which in the 
worst case could delay start-up for a couple of months. 
 
Design serviceability criteria for a 10,000-year hurricane event are as follows: 
 

• The terminal shall not be a commercial loss; 
• There shall be no loss of the GBSs and containment; 
• The integrity of the GBS foundation shall be guaranteed at all times.  Therefore 

the scour protection shall remain essentially intact, and all damage shall be 
repairable; 

• The GBS deck and tank dome shall be capable of taking the overtopping 
water/wave loads; 

• Major damage to key equipment is unacceptable (e.g., vaporizers, high pressure 
pumps, metering, recondensor, BOG compressor, and power generation); 

• Topsides shall be elevated sufficiently high above the top of concrete to avoid 
progressive collapse due to water impact - progressive collapse of topsides is not 
acceptable; 

• Switchgear and control rooms shall remain intact.  The ability to monitor at all 
times the situation at the GBS from the shore control station shall be possible; 

• Relief systems shall remain intact; 
• Except lifeboat loss, damage to emergency safety equipment is unacceptable; 
• Emergency diesel power generator shall be working at all times; 
• The fire water system shall be intact and operable; 
• The fire and gas detection system shall be intact and operable; 
• The helideck shall be intact and capable of safely accepting returning personnel 

aircraft;  
• It must be possible to empty the LNG tanks after the 10,000-year hurricane event 

should the need arise.  Consequently, part of the offloading chain shall be intact 
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after the design event (i.e., cryogenic offloading lines and at least two offloading 
arms shall be working – vapor and one liquid); 

• Water in the diesel tanks is unacceptable; 
• Water in the control room and living quarters is unacceptable; 
• The risers shall be intact or repairable.  Note that lines will be shut in before 

evacuation; 
• Loss of the intake/outfall structures is not acceptable, although sand in the water 

intake system is acceptable after the event; 
• Loss of fenders and mooring dolphin(s) is acceptable; 
• Loss of the “gap closing structure” between the two caissons is not acceptable as 

scour would be expected to occur between the two structures, which could 
impact the foundation stability; and 

• Loss of the nitrogen package is NOT acceptable, as continuous 
purging/monitoring of LNG tank insulation areas is required at all times. 

 
4.3.1.3 Air Quality 
 
 No small scale accident scenarios in the construction phase of this project are 
capable of causing significant air quality impacts.  Minor, localized air quality deterioration could 
be experienced in the immediate vicinity of a diesel fuel spill. 
 
 During routine operations, minor diesel fuel spills from the LNGC, tug or support 
vessels, and the terminal could cause localized air quality deterioration at the spill site.  Such 
minor spills would be small and rapidly cleaned up using equipment aboard the respective 
vessels or on the terminal.  
 

The sinking or foundering of a tug boat or supply vessel or the crash of a helicopter 
could adversely affect air quality in a very limited area.  Salvage of vessels or helicopters would 
be handled by the contracted vessel owners.  Clean up and containment would follow the 
standard programs and procedures already in place in the GOM.  
 
 A major diesel fuel spill resulting from the rupture of a large fuel holding tank aboard 
the terminal would cause air quality deterioration in the immediate vicinity of the spill.  A spill of 
this size would be a significant accidental spill and could possible exceed the capabilities of the 
on-station equipment and management.  If this occurred, the Shell Oil Spill Response Plan 
(Shell Offshore, Inc., 2001) for the GOM would be activated.  Even in this extreme case, the 
quantities of diesel fuel involved are not large enough to have a significant effect on regional air 
quality. 
 
 Minor LNG spills from the LNGCs, which could occur during coupling or uncoupling 
with the LNG offloading arms and pumps, could affect air quality in a very localized area.  A 
water washdown system is built into the offloading platform, and normally this is sufficient to 
deal with these minor LNG releases.  These types of LNG releases would have no significant 
impact on air quality outside their immediate area.   
 
 Fires aboard the GBS facilities could have a significant effect on air quality in the 
region of the terminal.  Such an event would be a major disaster, activating all Shell’s health and 
safety, firefighting, and emergency management plans.  Prior to planning the deck layout and 
equipment positioning, Shell International Exploration and Production conducted an extensive 
Hazard Identification (HAZID) study of the Gulf Landing LNG regasification terminal (Shell 
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International Exploration and Production, Inc., EP Projects, 2003).  The recommendations from 
this HAZID for minimizing all risk of accidents at the Gulf Landing LNG regasification terminal 
were incorporated into the terminal layout designs.  Risk of fires at the Gulf Landing LNG 
regasification terminal has been reduced to the maximum extent possible through this design 
process.  The Gulf Landing LNG regasification terminal project team also has developed 
extensive fire response plans as part of their Deepwater Port Operations Manual. 
 
 An ignitable flare has been selected for the Gulf Landing LNG regasification terminal.  
The flare system detects a release of natural gas and self-ignites as required.  The flare will 
operate during the tank cooldown phase at start-up, or during prolonged periods of shutdown.  
The ignitable flare concept will minimize the overall release of greenhouse gas emissions from 
this facility to the atmosphere.  An emergency vent also will be installed, and emergency 
releases from process relief valves will be routed to this separate vent for release to the 
atmosphere. 
 
 A major accident, resulting in a large LNG spill, could cause significant air quality 
impacts at the site of the spill.  A major spill of this nature could occur through the rupture of an 
LNGC’s tanks, or by some catastrophic event, the rupture of one of the two LNG storage tanks 
within the GBS caissons.  Such a situation would represent a major maritime disaster and would 
activate all the emergency response plans associated with such a disaster.  
 
4.3.1.4 Water and Sediment Quality 
 
 Accidental spills of wastewater or diesel fuel from the construction vessels could 
impact water quality in limited areas if they occurred during construction.  These spills would be 
minor in terms of volume and would be rapidly detected and corrected or cleaned up.  Their 
potential to cause significant environmental impacts is negligible. 
 

The sinking or foundering of a tug boat or supply vessel or the crash of a helicopter 
could adversely affect water quality in a very limited area.  Salvage of vessels or helicopters 
would be handled by the contracted vessel owners.  Clean up and containment would follow the 
standard programs and procedures already in place in the GOM.  
 
 Minor diesel fuel spills from the LNGCs, tug or support vessels, and the terminal 
would produce water quality impacts in their immediate vicinity.  As stated above, such minor 
spills would be immediately cleaned up, and their potential for significant environmental impacts 
is negligible. 
 
 A major diesel fuel spill from the fuel holding tank aboard the GBS structure would 
cause a significant water quality impact in the vicinity of the regasification terminal. 
 
 Fires aboard the GBS structure would not cause water quality impacts unless 
accompanied by oil spills or other discharges.  Firefighting activities might cause water quality 
impacts due to runoff from the terminal deck areas.  These impacts would be localized to the 
terminal area. 
 
 A major shipping accident resulting in an LNG spill would cause significant water 
quality impacts at the spill site.  These impacts should be temporary and should dissipate as the 
spilled LNG evaporates. 
 



Gulf Landing LLC  Deepwater Port License Application 

Environmental Review 4-67 October 2003 

 The rupture of one of the interconnector pipelines would release natural gas into the 
water column and affect water quality in the immediate vicinity of the rupture.  This effect would 
be localized and temporary, stopping as soon as the gas within the affected pipeline is 
expended.  Water quality impacts for this type of accident are not considered to be significant. 
 
 The rupture of a buried natural gas interconnector pipeline would also disturb 
surficial sediments at the point of rupture.  These impacts would be very localized and not 
environmentally significant. 
 
4.3.2 Hazards and Effects Management 
 
 Shell’s Hazards and Effects Management Process provides a structured approach to 
the analysis of hazards throughout the life cycle of an installation.  The process is applicable to 
all business processes in the life cycle of an operation from inception to abandonment.  The 
tools and techniques available are applied in a logical and rigorous way, setting acceptance 
criteria and screening against them as the process proceeds.  The arrangements identified as 
necessary to manage assessed threats and potential consequences and effects are then 
incorporated in the design phase.  The principles of "identify," "assess," "control," and "recover" 
are the basis of the Hazards and Effects Management Process, with the individual stages 
summarized in the following steps: 
 

• Identify hazards and potential effects; 
• Evaluate risks; 
• Record hazards and effects; 
• Compare with objectives and performance criteria; and  
• Establish risk reduction measures. 

 
4.3.2.1 Hazardous Events 
 
 For Gulf Landing, the following hazardous events were identified as representative 
failure scenarios: 
 

• LNGC leaks and failures; 
• LNGC discharging natural gas from emergency vent; 
• LNG transfer system leaks and failures; 
• Incidents affecting the GBS LNG tank domes; 
• Leaks from the low pressure LNG storage and pipe work system; 
• Leaks from the high pressure LNG pumps and vaporizers; and  
• Leaks from the high pressure metering, natural gas pipe work, and risers. 

 
4.3.2.2 Consequences from LNG Spills 
 
 Intensive modeling of LNG dispersion and fires has been done to optimize the layout 
for the safety of offshore personnel and minimize escalation. 
 
 A number of catastrophic worst-case scenarios involving LNG have been described 
in open literature and are described in the following sections. 
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4.3.2.2.1 DOE Presentation by Don Juckett 
 
 In October 2001, "worst case" scenario was reexamined by Quest Consultants, Inc. 
(Quest) as part of an effort by the U.S. Department of Energy (DOE) to determine the hazards 
associated with reopening the Distrigas LNG import terminal following the terrorist events of 
11 September 2001.  These materials were made publicly available in presentations by Don 
Juckett of the DOE. 
 
 Time-dependant releases from 1-m and 5-m holes in a 25,000 m3 LNG Carrier tank 
were examined to simulate credible "worst case" damage scenarios (Table 4.16).  Quest stated 
that "If the large release scenarios were to occur, the most likely outcome of such a release 
would be the near instantaneous ignition of the flammable vapors that would result in a rapid 
flash fire followed by a large pool fire."  Non the less, both maximum flammable vapor cloud and 
radiation hazards were calculated by Quest for the two spill scenarios. 

 
Table 4.16.  U.S. Department of Energy distances to radiation levels and fire durations. 
 

Distance to Radiation Levels 
Hole Size 

7,000 btu/hr/ft2 4,000 btu/hr/ft2 1,500 btu/hr/ft2 
Fire Duration 

5-m 1,020 ft 1,260 ft 1,770 ft 34 minutes 
1-m 835 ft 1,020 ft 1,420 ft 74 minutes 

 
 For a spill on water with ignition, the hazard distances for three radiant flux levels are 
shown.  The calculations are based on a wind speed of 9 m/s (20 mph), which is considered a 
worst-case atmospheric condition for pool fires, since high winds bend the flame and create 
longer down-wind distances. 
 
 Unignited spills could travel over large distances. For spills on water without ignition, 
maximum distances for flammable vapor clouds were calculated by Quest using its CANARY 
model. Distances were calculated for two atmospheric conditions: 1.5 m/s (3.4 mph) under 
F stability, representing highly stable conditions that could occur at night; and 5.0 m/s 
(11.2 mph) under D stability, representing more common neutral stability (Table 4.17). 
 
Table 4.17.  U.S. Department of Energy dispersion distances to lower flammable limit (LFL). 
 

Hole Size Wind speed Atmospheric 
Stability Class Distance to LFL 

5-m 1.5 m/s F 2.5 miles 
5-m 5 m/s D 0.6 miles 
1-m 1.5 m/s F 2.3 miles 
1-m 5 m/s D 0.5 miles 

D = neutral. 
F = stable. 
 
4.3.2.2.2 Ronald P. Koopman 
 
 In December 2002, Ronald P. Koopman, Ph.D. was retained by the Vallejo Disaster 
Council's LNG Health and Safety subcommittee to advise them on LNG spills, fires and 
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dispersion as part of the sub-committee's review of a terminal being evaluated for Mare Island.  
The dispersion results presented by Dr. Koopman are summarized in Table 4.18. 
 
Table 4.18.  Koopman's estimates for LNG dispersion distances to lower flammable limit (LFL). 
 

Scenario Spill Size Wind 
Speed 

Atmospheric 
Stability 
Class 

Distance to 
LFL 

Unloading 
Line Failure 

55,000 gpm spills for 10 minutes 
onto water 5 m/s  D 0.4 miles 

LNG Tanker 
Ship Collision 

Rupture of one 25,000 m3 tank, 
spills onto water. 
1-m hole in tank. 

5 m/s D 0.7 miles 

LNG Tanker 
Ship Collision 

Rupture of one 25,000 m3 tank, 
spills onto water. 
5-m hole in tank 

5 m/s D 1.5 miles 

LNG Tanker 
Ship Collision 

Rupture of one 25,000 m3 tank, 
spills onto water. 
5-m hole in tank 

2 m/s F 2.8 miles 

D = neutral. 
F = stable. 
 
 For an ignited release for a 5-m hole in one of the 25,000 m3 LNG Carrier tanks, the 
distances to various levels of harm were calculated as shown in Table 4.19. 
 
Table 4.19.  Koopman's estimates for LNG pool fire effect distances. 
 

Radiation Level Distance Description of Effect 

Distance to Third 
Degree Burns 0.35 miles 

Lethal 50% of the time for a person wearing average 
clothing.  Heat flux of about 30 kw/m2 (10,000 Btu/hr/ft2) 
for 30 seconds 

Distance to Second 
Degree Burns 0.5 miles 

Lethal 1% of the time for a person wearing average 
clothing. Heat flux of about 17 kw/m2 (6,000 Btu/hr/ ft2) 
for 30 seconds 

Distance to Skin 
Blister Threshold 0.8 miles no lethal effects 

 
4.3.2.2.3 James A. Fay 
 
 Professor James A. Fay has published articles on LNG safety for a long time.  His 
latest papers on models of spills and fires from LNG and oil tankers in the Journal of Hazardous 
Materials (B96, 171-188) and spill and fires from LNG and oil in Boston Harbour 
(http://www.greenfutures.org/projects/powerplant/Fay.html) both address a scenario comparable 
with the ones discussed by Juckett and Koopman. 
 
 An LNG spill of 14,300 m3 (James A. Fay discusses the hydraulics of the releases 
and concludes that the whole content of the tank is not released) results in a fire duration of 
3.3 minutes with a pool radius of 340 m and a distance to 1,600 btu/hr/ft2 (5 kW/m2) of 1.1 km.  
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 The reporting of the distances at the 5 kW/m2 radiation level for the calculations is 
substantiated by the following: “For human skin exposure to flame thermal radiation, a thermal 
flux of 5 kilowatts per square meter (kW/m2) will result in unbearable pain after an exposure of 
13 seconds and second degree burns after an exposure of 40 seconds. Exposure to twice that 
level, 10 kW/m2, for 40 seconds is the threshold for fatalities. Wood can be ignited after 
40 seconds exposure at a thermal flux of 5kW/m2.” 
 
4.3.2.2.4 Summary 
 

• There is a large spread in dispersion distances, distances to certain levels of 
radiation and assessment of the vulnerability of people. 
 

• An in-depth analysis where these differences arise cannot be made as for the 
majority of the results the assumptions and models used are not documented.  
 

• Unignited LNG spills and dispersion would not result in residue, direct 
environmental damage, or cleanup requirements. 

 
4.3.3 Impacts on the Biological Environment 
 
4.3.3.1 Fish and Fishery Resources 
 
 Accidental spills of wastewater or diesel fuel from the construction vessels might 
impact fish in a very limited area; however, their potential to cause a regional impact to fish or 
fisheries resources (EFH) is not significant. 
 
 Minor diesel fuel spills from the LNGCs, tug or support vessels, and the terminal 
could also affect fish in their immediate vicinity.  As above, such minor spills would be 
immediately cleaned up, and their potential for regional fisheries impacts is not significant. 
 
 A major diesel fuel spill from the fuel holding tank aboard the GBS structure could 
cause a significant impact on fish in the vicinity of the terminal. 
 
 Fires aboard the GBS facilities would not cause fisheries impacts unless 
accompanied by oil spills or other discharges. 
 
 A rupture of one of the interconnector pipelines, releasing natural gas into the water 
column, could impact fish in the immediate vicinity of the rupture.  This effect would be localized 
and temporary, stopping as soon as the gas within the affected pipeline is expended.  Fisheries 
impacts for this type of accident are not considered to be significant. 
 
4.3.3.2 Marine Mammals 
 
 Accidental spills of wastewater or diesel fuel from the construction vessels could 
impact marine mammals if they were present at the site of such spills.  Such spills would be so 
minor in terms of volume that it is considered highly unlikely any marine mammals would 
actually be affected.  The potential for marine mammal impacts resulting from such spills is 
considered slight.  
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 Minor diesel fuel spills from the LNGCs, tug or support vessels, and the terminal also 
could affect marine mammals if present at the time of the spill.  Again, these types of spills are 
so small that their potential to impact marine mammal populations is considered insignificant. 
 
 A major diesel fuel spill from the fuel holding tank aboard the GBS structure could 
cause significant impacts to marine mammals in the area. 
 
 Fires aboard the GBS facilities should not cause direct impacts to marine mammals 
unless they are accompanied by oil spills or other discharges. 
 
 A major accident resulting in an LNG spill could also cause significant impacts to 
marine mammals present at the spill site. 
 
 The rupture of one of the interconnector pipelines would release natural gas into the 
water column and could affect marine mammals present at the site.  The probability of such 
effects actually occurring is considered very slight, and as the potential for this type of accident 
to directly affect marine mammal populations is considered insignificant. 
 
4.3.3.3 Sea Turtles 
 
 Accidental spills of wastewater or diesel fuel from the construction vessels could 
impact marine turtles if they are present at the spill site; however, the potential for such small 
spills to cause significant impacts to turtle populations is considered negligible. 
 
 Minor diesel fuel spills from the LNGCs, tug or support vessels, and the terminal also 
could affect marine turtles if present.  As stated previously, such minor spills would be 
immediately cleaned up, and their potential for significant environmental impacts to turtle 
populations is negligible. 
 
 A major diesel fuel spill from the fuel holding tank aboard the GBS structure would 
cause significant impacts to sea turtles present in the vicinity of the terminal. 
 
 Fires aboard the GBS facilities should not impact sea turtles unless accompanied by 
oil spills or other discharges. 
 
 A major accident resulting in an LNG spill would cause significant impacts to sea 
turtles at the spill site.  
 
 The rupture of one of the interconnector pipelines would release natural gas into the 
water column and could affect sea turtles present at the break site.  This effect would be 
localized and temporary, stopping as soon as the turtle or turtles move away from the gas 
release.  Sea turtle impacts for this type of accident are not considered to be significant. 
 
4.3.3.4 Coastal and Marine Birds 
 
 Coastal and marine birds could be affected by accidental spills of diesel fuel from the 
construction vessels during the initial construction or demobilization phases of this project.  
These impacts would be minor and insignificant in terms of regional bird populations. 
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 Minor diesel fuel spills from the LNGCs, tug or support vessels, and the terminal also 
could affect coastal and marine birds, but again, these impacts would be minor and insignificant 
in terms of regional bird populations. 
 
 A major diesel fuel spill from the fuel holding tank aboard the GBS structure could 
cause significant impacts to regional bird populations. 
 
 Fires aboard the terminal facilities might also cause significant impacts to coastal 
and marine birds present on the terminal at the time of such an accident. 
 
 A major accident resulting in an LNG spill could cause significant impacts to coastal 
and marine bird populations present at the accident site. 
 
 Natural gas released from a rupture in one of the interconnector pipelines could 
affect birds floating or feeding at the sea surface above such a rupture.  These effects, if they 
occurred at all, would be so limited in area that their environmental impacts are not considered 
to be significant. 
 
4.3.3.5 Benthic Communities 
 
 The rupture of a buried natural gas interconnector pipeline would disturb the benthic 
community at the rupture site, but this effect would be so limited in areal extent as to be 
environmentally insignificant.  
 
4.3.3.6 Pelagic Communities 
 
 Accidental spills of wastewater or diesel fuel from the construction vessels during 
initial construction or decommissioning phases of this project could impact the pelagic 
community at the site of such spills.  Such localized impacts are felt to be insignificant. 
 
 Minor diesel fuel spills from the LNGCs, tug or support vessels, and the terminal 
during routine operations of the Gulf Landing LNG regasification deepwater port also could 
impact the pelagic community in very localized areas.  Again, these impacts are considered to 
be insignificant. 
 
 A major diesel fuel spill from the fuel holding tank aboard the GBS structure would 
cause a significant impact to the pelagic community in the vicinity of the terminal. 
 
 Fires aboard the GBS facilities should cause no impacts to the pelagic community 
unless accompanied by oil spills or other discharges. 
 
 A major accident resulting in an LNG spill would cause significant impacts to the 
pelagic community at the spill site. 
 
 The rupture of one of the interconnector pipelines would release natural gas into the 
water column and affect the pelagic community in the immediate vicinity of the rupture.  This 
effect would be localized and temporary, stopping as soon as the gas within the affected 
pipeline is expended.  Pelagic community impacts resulting from this type of accident are not 
considered to be significant. 
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4.3.3.7 Coastal Habitats 
 
 A major oil spill or LNG spill reaching shore could cause significant environmental 
damage to coastal habitats.  Based on the location of the Gulf Landing LNG regasification 
terminal, it is unlikely that an oil or LNG spill associated with this facility would ever reach the 
coastline.  The amount of diesel fuel potentially spilled is limited, and there is a considerable 
amount of response time available for containing even a major oil spill resulting from a fuel tank 
failure aboard the GBS structure before it reaches a shoreline.  In terms of an LNG spill, the 
LNGCs will never be closer than approximately 37 mi to the coastline.  Even if a maritime 
accident of sufficient magnitude to rupture an LNG tank were to occur in OCS waters, the odds 
of LNG actually reaching a shoreline are extremely small.  
 
4.3.4 Impacts on the Socioeconomic Environment 
 
4.3.4.1 Commercial and Recreational Fishing 
 
 A major oil spill or LNG spill could damage commercial and recreational fisheries, at 
least in the short-term.  Fishing boats would have to avoid the impact area while clean-up was 
occurring and thus would incur a financial loss by being excluded from specific fishing areas.  
How significant these damages would be would depend upon the extent of the spill, the season 
in which it occurred, and the rapidity with which it was cleaned up. 
 
4.3.4.2 Oil and Gas Exploration and Production 
 
 An accident resulting in a major oil spill or LNG release could impact oil and gas 
operations in the area of the spill.  How significant these impacts would be would depend on the 
size of the spill and the rapidity with which it was cleaned up. 
 
4.3.4.3 Marine Shipping 
 
 An accident resulting in a major oil spill or LNG release would impact marine 
shipping in the area of the spill.  How significant this impact would be would depend on the size 
of the spill and the rapidity with which it was cleaned up. 
 
4.3.4.4 Cultural Resources 
 
 Accidents and upsets at the Gulf Landing LNG regasification project site should have 
no direct or indirect impacts on any known or undiscovered cultural resources. 
 
4.3.4.5 Military Uses 
 
 Accidents and upsets at the Gulf Landing LNG regasification terminal should have 
no direct or indirect impacts on military use areas within the GOM. 
 
4.3.4.6 Onshore Socioeconomic Conditions and Concerns 
 
 Major accidents at the Gulf Landing LNG regasification terminal could impact 
onshore socioeconomic concerns in the following ways: 
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• Short-term loss of fishing grounds and catches; 
• Long-term loss of wages from Gulf Landing LNG regasification terminal 

personnel; 
• Short-term disruption of marine shipping; and 
• Potential short- and long-term loss of environmental resources. 

 
4.4 CUMULATIVE IMPACTS 
 
 Cumulative impacts are the combined and/or incremental effects upon the 
environment (marine, coastal, air resources, and socioeconomic systems) that potentially could 
occur as a result of past, present, and reasonably foreseeable future actions, including the 
Preferred Alternative.  The purpose of addressing cumulative impacts in the context of this ER is 
to assess the incremental contribution of the Preferred Alternative toward the effects of a 
broader range of impacting factors that combined may potentially impact resources.  Cumulative 
impact factors for the Western and Central Planning OCS Areas that are relevant to the 
Preferred Alternative include 
 

• Future offshore OCS operations involving oil and gas exploration and 
development; 

• Future deepwater port development; and 
• Other major offshore, coastal, and onshore activities (e.g., dredge spoil disposal, 

tanker and barge activity, military activities, artificial reef programs, etc.).  
 
4.4.1 Cumulative Impact Producing Factors 
 
4.4.1.1 Offshore Oil and Gas Activities 
 
 U.S. Department of Energy, Energy Information Administration (1999) projections 
indicate an increase in the domestic demand for petroleum products to continue through at least 
the next two decades.  Average annual growth rates for petroleum consumption in the U.S. for 
the years 1998 through 2020 are projected to be between 1.1% and 1.4%.  Imports of oil and 
petroleum products are expected to increase from 51% of domestic petroleum consumption (in 
1999) to over 62% in 2010. 
 
 At present, 250 to 350 exploration and delineation wells are drilled annually in the 
GOM.  By far, the majority of these are in the Central Planning Area.  Exploratory well drilling is 
expected to be at its peak in the Western and Central Planning Areas during the next 10 yr.  In 
addition, between 285 and 575 development wells are presently being drilled annually in the 
Western and Central Planning Areas.  Of these, 60 to 100 development wells are drilled 
annually in the Western Planning Area, and 225 to 475 wells are drilled in the Central Planning 
Area. 
 
 There are currently 90 to 150 platforms installed annually in the GOM.  More than 
80% of these are conventional fixed platforms in water depths less than 197 ft (60 m).  Although 
the rate of platform installation in deeper water areas (greater than 656 ft [200 m]) is expected to 
increase over the next decade, the overall platform installation rate is expected to decrease.  
The rate of platform installation is expected to be greater than the number of platforms removed 
annually.  This is because new geophysical techniques are being used to better identify 
productive hydrocarbon bearing zones that were not previously targeted in developed areas.  
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For this reason, many platforms that would otherwise have been removed are being left in place 
to develop these new targets (USDOI, MMS 1997a, 1998). 
 
 Presently, the transport method for delivering produced oil and gas from offshore to 
onshore refining and processing facilities is through pipelines.  As of April 1998, there were 
approximately 42,799 km (26,600 mi) of pipeline on the GOM’s seafloor.  Most of these 
pipelines support shelf and near-shelf facilities; a small percentage supports deepwater 
operations.  Between 1990 and 1997, 14,547 km (9,041 mi) of additional pipeline were installed 
in the GOM, including 2,528 km (1,571 mi) of new pipeline in the deepwater OCS.  During the 
period 1990-1995, the growth in deepwater pipeline activities fluctuated through a range of 
2% to 19% of all pipelines installed in the GOM.  A dramatic increase occurred in the years 
1996 and 1997, with deepwater pipeline installations being 34% and 46%, respectively, of all 
pipelines installed in these years.  Approximately 58% of all existing deepwater pipeline miles 
installed from 1990 to 1997 were installed during the 2-yr period of 1996-1997 (USDOI, MMS, 
2000). 
 
4.4.1.2 Deepwater Ports 
 
 At the present time, there is only one deepwater port in the GOM, the Louisiana 
Offshore Oil Port (LOOP).  This port is operated by a corporation owned by five oil companies 
and provides offshore terminal facilities for offloading and storage of crude oil for tankers that 
are too large for conventional ports.  The LOOP is located in 35 m (115 ft) of water in Grand Isle 
Block 59, approximately 30 km (19.6 mi) from the Louisiana coastline.  In 1996, the LOOP 
offloaded 823,000 bbl/d of foreign crude oil from tankers (13% of the nation’s crude oil imports), 
and 60,000 bbl/d of domestic crude oil while spilling less than 7 gal. in 8 incidents.  Oil is moved 
from the LOOP to refineries through a system of outgoing pipelines. 
 
 Two other deepwater LNG regasification port applications have been filed for the 
northern GOM in addition to Gulf Landing.  There is also a proposal for an additional crude oil 
deepwater port similar to LOOP offshore of Texas.  This proposal is in the late stages of 
development, but no application has as of yet been filed with the USCG.  
 
4.4.1.3 Marine Shipping Activities 
 
 The northern GOM is an active maritime province, comprised of both international 
and domestic waterborne commerce.  Maritime transport of cargo occurs between GOM ports 
and with foreign and domestic ports outside of the region.  In addition to coastwise transport 
between ports, much of the domestic traffic between ports is via the Gulf Intracoastal Waterway. 
 
 There are 15 Gulf coast ports that handle between 10 million and 275 million tons of 
cargo annually.  Eight of these ports—Corpus Christi, Houston, Texas City, Beaumont, Lake 
Charles, New Orleans, Mobile, and Tampa—are among the top 25 ports in the U.S., in terms of 
cargo tonnage.  The above-mentioned Texas and Louisiana ports received a combined total of 
over 18,200 vessel calls in 1997, of which 12,600 were tankers (excluding non-self-propelled 
vessels under 1,000 gross tons) (United States Department of Transportation, 1999).  At the 
present time, the total vessel traffic in the Gulf includes an estimated 15,220 foreign and 
1,114 domestic tanker vessel transits into ports per year (Mire, 1999).  These figures 
demonstrate the degree to which petroleum import activities dominate the Gulf coast marine 
transportation system. 
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 During the period of 1999 through 2010, imports of crude oil are projected to 
increase 33%, from 8.6 million bbl/d to 11.45 million bbl/d.  This projected steep increase in 
imports is a function of steadily increasing demand for petroleum products in the U.S. and an 
expected decline in domestic production levels during this period.  The additional imports are 
expected to cause a steady increase in tanker transits in the GOM over the next few years. 
 
 The greatest environmental concern with respect to marine transportation in the 
GOM is the potential for an accident involving a large-volume oil spill.  Ocean-going vessels 
could occasionally be subject to operational errors, which could in turn result in oil spills, 
groundings, or collisions involving other vessels, floating systems, or fixed structures such as 
platforms and rigs.  The frequency of vessel transits in the GOM, and in Gulf ports, also would 
have bearing on the degree to which marine and coastal resources and the socioeconomic 
systems of coastal communities are vulnerable to the cumulative impacts of associated 
day-to-day operations.  An increase in tanker vessel activity also will place additional demands 
on service vessel (tugs) port infrastructure and on their required services. 
 
4.4.1.4 Military Activities 
 
 The air space and waterways of the eastern GOM are used extensively by the 
Department of Defense (DOD) for conducting various air-to-air, air-to-surface, 
surface-to-surface, and fleet training mission operations.  DOD has designated essentially the 
entire Eastern Planning Area and portions of the Western and Central Planning Areas as 
operating areas of various types.  Eleven Military Warning Areas and five water test areas are 
located within the GOM (Figure 3.10).  These warning and water test areas are multiple-use 
areas where military operations and oil and gas development have coexisted without conflict for 
many years. 
 
4.4.1.5 Artificial Reef Development Projects 
 
 The National Artificial Reef Plan (NARP) was developed by NMFS in 1985 in 
response to the National Fisheries Enhancement Act of 1984.  The NARP recommended 
State-specific artificial reef plans, and most Gulf coast and Atlantic States have done so.  
Artificial Reef Working Committees comprised of both State-level program specialists and 
Federal agency representatives have worked toward developing artificial reef policies.  The use 
of obsolete oil and gas platforms for artificial reefs has proved to be highly successful.  The 
States of Texas and Louisiana have established Rigs-to-Reef (RTR) programs.  Rather than 
dismantling an obsolete platform for onshore disposal, an oil and gas company may donate the 
structure, and transfer ownership and liability, to the State.  A portion of the disposal cost 
savings by the oil and gas company is donated to the State to support the artificial reef program.  
More than 100 retired platforms have been donated by industry and used for artificial reefs in 
offshore Louisiana and Texas.  Mississippi and Alabama are currently developing RTR 
programs. 
 
4.4.2 Cumulative Impacts of the Preferred Alternative 
 
 The Preferred Alternative is the construction of an LNG regasification terminal in 
West Cameron Block 213 of the Central OCS Planning Area.  The project is projected to include 
the installation, startup, and operation of this facility over an estimated life span of 30 yr.  This 
section of the ER identifies a set of past, present, and reasonably foreseeable future actions 
that are relevant to and within the area being considered for this project, and assesses whether 
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the Preferred Alternative could significantly contribute toward cumulative impacts by resource 
category. 
 
4.4.2.1 Physical and Chemical Environment 
 
4.4.2.1.1 Air Quality 
 
 OCS-related emissions are projected either to remain at present levels or decrease 
in future years because of expected declines in OCS activities in the GOM and advances in 
control technology.  Future impacts are intrinsically related to the continuation of trends in 
energy consumption and technological developments in fuel and engine efficiency.  Emissions 
of pollutants into the atmosphere from OCS activities are not projected to have significant 
effects on onshore air quality because of prevailing atmospheric conditions, emission rates and 
heights, and the resulting pollutant concentrations.  Cumulative impacts on onshore air quality 
resulting from emissions associated with OCS activities including Gulf Landing are estimated to 
be within Class II PSD allowable increments. 
 
4.4.2.1.2 Water and Sediment Quality 
 
 The Gulf coast has been heavily used by people and is now showing some signs of 
environmental stress.  Large areas experience nutrient overenrichment, low-dissolved oxygen, 
toxin and pesticide contamination, shellfish ground closures, and loss of wetlands.  Contaminant 
inputs to coastal waters bordering the GOM will continue as a result of the large volumes of 
water entering the Gulf from rivers draining over two-thirds of the contiguous U.S., from both 
municipal and industrial point- and nonpoint-source discharges, and from numerous spill events.  
Major sources expected to contribute to the contamination of Gulf coastal waters include the 
petrochemical industry (inclusive of oil and gas development and processing as well as the 
proposed LNG regasification port systems), agriculture, urban expansion, municipal and camp 
sewerage treatment processes, marinas, commercial fishing, maritime shipping, and 
hydro-modification activities.  Lesser sources of contamination are likely to be forestry, 
recreational boating, livestock farming, manufacturing industries, nuclear power plant 
operations, and pulp and paper mills.  Runoff and wastewater discharges from these sources 
will impact water quality to the extent that a significant percentage of coastal waters will not 
attain Federal water quality standards.  
 
 Considering the cumulative frequency, large number, and widespread locations of 
anticipated spills from all sources, a large percentage of coastal waters could be affected by 
petroleum-derived contamination inputs.  The contamination should be primarily localized and 
not sufficient in duration to preclude designated uses of the waters.  In areas where oil spills are 
most likely to be a recurring problem, coastal waters could be subject to low-level and chronic 
regional petroleum contamination.  Spill events from OCS-support operations constitute about 
10% of the total spill events estimated to occur.  The incremental contribution of the Preferred 
Alternative is expected to be minimal. 
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4.4.2.2 Biological Environment 
 
4.4.2.2.1 Fish and Fishery Resources 
 
 Impact producing factors that are expected to substantially affect commercial 
fisheries in the GOM include coastal environmental degradation, commercial fishing techniques 
and practices, over fishing, oil spills and subsurface blowouts, placement of production 
platforms, underwater OCS obstructions, production platform removals, seismic surveys, 
pipeline trenching, and offshore discharges of drilling muds and produced waters.  The 
cumulative impact on fisheries is expected to be substantial and easily distinguished from 
effects due to natural population variations.  The cumulative impact is expected to result in less 
than a 10% decrease in commercial fishery populations, in essential habitat, or in commercial 
fishing.  It will require 3 to 5 yr for fishing activity, and 2 to 3 generations for fishery resources to 
recover from 99% of these impacts.  The incremental contribution of the Preferred Alternative is 
expected to be inconsequential.  
 
4.4.2.2.2 Marine Mammals 
 
 Factors that could affect nonendangered and nonthreatened cetaceans include 
degradation of water quality from operational discharges, helicopter and vessel traffic and noise, 
platform and drillship noise, explosive platform removals, seismic surveys, oil spills, oil-spill 
response activities, loss of debris from service vessels and OCS structures, commercial fishing, 
capture and removal, and pathogens.  The cumulative impact on cetaceans is expected to result 
in a number of chronic and sporadic sublethal effects that may serve to stress and/or weaken 
individuals of a local group or population and make them more susceptible to infection from 
natural or anthropogenic sources.  Few lethal effects are expected from oil spills, chance 
collisions with service vessels or LNGCs, ingestion of plastic material, commercial fishing, and 
pathogens.  Oil spills of any size are estimated to be recurring events that will periodically 
contact cetaceans.  Deaths as a result of structure removals are not expected to occur due to 
mitigation measures (NMFS observer program).  Disturbance (e.g., noise) and/or exposure to 
sub-lethal levels of biotoxins and anthropogenic contaminants may stress animals, weaken their 
immune systems, and make them more vulnerable to parasites and diseases that normally 
would not be fatal. 
 
 The net result of any disturbance would depend on the size and percentage of the 
population affected, ecological importance of the disturbed area, environmental and biological 
parameters that influence an animal’s sensitivity to disturbance and stress, and the 
accommodation time in response to prolonged disturbance (Geraci and St. Aubin, 1987).  
Collisions between cetaceans and ships, though expected to be rare events, could cause 
serious injury or death. 
 
 The incremental contribution of the Preferred Alternative is minimal and is unlikely to 
have significant long-term adverse impacts on the size and productivity of any marine mammal 
species or population stock in the northern GOM. 
 
4.4.2.2.3 Sea Turtles 
 
 Factors that have potential to impact sea turtles include structure installation, 
dredging, water quality and habitat degradation, OCS-related trash and debris, vessel traffic, 
explosive platform removals, oil spills, oil-spill response activities, natural catastrophes (e.g. 
hurricanes), pollution, dredging operations, vessel traffic, commercial and recreational fishing, 
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consumption by humans, beach lighting, and entrainment in power plants.  Small numbers of 
turtles could be killed or injured by chance collisions with service vessels and LNGCs, or by 
eating indigestible trash, particularly plastic items accidentally lost from drill rigs, production 
facilities, and service vessels.  Deaths due to structure removals are not expected due to 
mitigation measures (NMFS observer program).  The presence of service vessels and the noise 
they produce could disrupt normal behavior patterns and physiologically stress the turtles, 
making them more susceptible to disease.  Contaminants in waste discharges and drilling muds 
could indirectly affect turtles through food-chain biomagnification; there is uncertainty 
concerning the possible effect.  Oil spills and oil-spill response activities are potential threats 
that may be expected to cause turtle deaths, but the risks are greatly reduced by oil spill 
contingency planning and the habitat protection requirements of the Oil Pollution Act of 1990.  
Contact with oil and consumption of oil and oil-contaminated prey may seriously impact turtles.   
 
 Most OCS-related impacts are estimated to be sublethal.  Chronic sublethal effects 
(e.g., stress) resulting in persistent physiological or behavioral changes and/or avoidance of 
impacted areas could cause declines in survival or productivity, resulting in either acute or 
gradual population declines.  The incremental contribution of the Preferred Alternative is minimal 
and is unlikely to have significant long-term adverse effects on the size and productivity of any 
sea turtles species or population stock in the northern GOM. 
 
4.4.2.2.4 Coastal and Marine Birds 
 
 Factors that may detrimentally affect coastal and marine birds include OCS activities; 
State oil and gas activities; crude oil imports transported by tanker; and other commercial, 
military, recreational offshore, and coastal activities that may occur and adversely affect 
populations of nonendangered/nonthreatened and endangered/threatened birds.  Sources of 
potential adverse impacts include air emissions; oil spills and spill-response activities; 
degradation of water quality; aircraft and vessel traffic and noise, including OCS helicopter and 
service vessels; habitat loss and modification resulting from coastal construction and 
development; OCS pipeline landfalls and coastal facility construction; and accidentally discarded 
and beached trash and debris.  It is expected that the majority of effects from the major impact 
producing factors on coastal and marine birds are sublethal (behavioral effects and nonfatal 
exposure to or intake of contaminants or discarded debris) and will cause primarily temporary 
disturbances and displacement of localized inshore groups.  Chronic sublethal stress is often 
undetectable in birds, but it can weaken individuals (especially serious for migratory species) and 
expose them to infection and disease.  Lethal effects, resulting primarily from uncontained 
coastal oil spills and associated spill-response activities in wetlands and other biologically 
sensitive coastal habitats, are expected to remove a number of individuals from any or all groups 
through primary effects from physical oiling and the ingestion of oil, and secondary effects 
resulting from the ingestion of oiled prey.  Recruitment of birds through successful reproduction 
is expected to take up to many years, depending upon the species and existing conditions.  The 
net effect of habitat loss from oil spills, new construction, and maintenance and use of pipeline 
corridors and navigation waterways will alter species composition and reduce the overall carrying 
capacity of disturbed area(s) in general.   
 
 The cumulative impact on coastal and marine birds, which will result from net 
decreases in preferred and/or critical habitats, is expected to result in discernible declines in the 
numbers of birds that form localized groups or populations, with associated changes in species 
composition and distribution.  Based on historic census data, some of these changes are 
expected to be permanent.  The incremental contribution of the Preferred Alternative to the 
cumulative impact is expected to be negligible.   
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4.4.2.2.5 Benthic Communities 
 
 Oil- and gas-related activities that may impact deepwater benthic communities 
include pipeline and platform placement activities, anchoring, accidental seafloor blowouts, 
drilling discharges, and explosive structure removals.  Some disturbance would be associated 
with pipelaying, anchoring, structure placement, and seafloor blowouts.  Impact producing 
activities unrelated to the OCS program include fishing, trawling, and anchoring.  
 
 The incremental contribution of the Preferred Alternative to the cumulative impact is 
expected to be slight and will result from possible impacts caused by physical disturbance of the 
seafloor and minor impacts from sediment resuspension. 
 
4.4.2.2.6 Coastal Habitats 
 
 Coastal barrier beaches have experienced severe adverse cumulative impacts from 
natural processes and human activities.  Natural processes are considered the major 
contributor to these impacts, whereas human activities cause both direct impacts as well as 
significant accelerations of natural processes that deteriorate coastal barrier features.  Human 
activities that have had the greatest adverse impacts on barrier beaches and dunes are pipeline 
canals, channel stabilization structures, beach stabilization structures, recreational use of 
vehicles on dunes and beaches, and other human activities that disturb coastlines, including 
removal of coastal vegetation.  Deterioration of Gulf barrier beaches is expected to continue in 
the future.  Federal, State, and parish governments have made efforts over the last 10 yr to 
slow the landward retreat of Gulf shorelines.  The contribution of the Preferred Alternative to 
cumulative impacts on coastal barrier beaches and dunes is expected to be very small. 
 
4.4.2.3 Socioeconomic Environment 
 
 The oil and gas industry (including both OCS and State production, and foreign and 
domestic imports) plays an important role in the socioeconomic systems of Gulf coast 
communities.  On a regional level, the cumulative impact from the OCS program on population 
and employment is minimal for the western Gulf coastal impact area and significant for the 
central Gulf coastal impact area.  Employment needs in support of OCS oil and gas activity are 
likely to be met with the existing population and available labor force.  The incremental 
contribution of the Preferred Alternative to socioeconomic and cultural impacts in the Gulf 
coastal region is expected to be minimal.  
 
4.5 UNAVOIDABLE ADVERSE IMPACTS OF THE PREFERRED ALTERNATIVE 
 
 Unavoidable adverse impacts are expected during installation, routine operations, 
and decommissioning of the Gulf Landing LNG regasification terminal and its associated 
components (e.g., LNGCs, support vessels, etc.).  While the vast majority of the identified 
impacts are either negligible or adverse but not significant, there are several instances where 
significant impacts might be realized.  These are detailed as follows. 
 
4.5.1 Construction 
 
 During installation, it is expected that there will be adverse but not significant impacts 
on air quality, water and sediment quality, offshore environments, marine mammals, and sea 
turtles.   
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 Construction will have minimal impact on the water column environment.  Surface 
discharges of treated sanitary and domestic waste and bilge water will be rapidly diluted in 
regasification waters, resulting in a negligible impact on the water column environment. 
 
 While benthic communities will realize only negligible impacts from minor increases 
in sedimentation and turbidity associated with seafloor-related operations, they will be impacted 
by activities occurring at the graving dock site and by installation activities that occur at the 
terminal site, including anchoring, structure placement, and pipelaying.  Anchors from support 
vessels and pipelaying vessels, as well as the mooring anchors themselves, will cause severe 
disturbance to small areas of the seafloor; the areal extent of such disturbance will depend on 
the dimensions of the anchors being used and the amount (length) of anchor chain resting on 
the seafloor.  In all cases, such impacts to soft bottom benthos will be adverse but not 
significant.  Placement of the GBS structure composing the Gulf Landing LNG regasification 
terminal and associated scour protection will remove 4.47 ha (11.05 acres) of seafloor from 
production over the life of the proposed facility.  This removal of benthic habitat is felt to be 
insignificant at both the local and regional level. 
 
 Negligible impacts on marine mammals will occur as a consequence of water quality 
degradation and debris that may be accidentally lost overboard from service and construction 
vessels.  Noise from helicopters and support vessels also is expected to produce adverse but 
not significant short-term impacts.  The impacts associated with helicopter and vessel traffic 
appear to be transient and highly variable in degree and may cause short-term behavioral 
changes such as disruption of activities or departure from the area of disturbance.  The 
expected rise in service vessel and construction vessel traffic associated with installation of Gulf 
Landing LNG regasification terminal also may increase the likelihood of collisions between 
these vessels and marine mammals.  The risk of collisions may vary, depending upon the 
species of marine mammal, behavioral attributes, location, and whether vessel operations are 
conducted at night or during other periods of reduced visibility.  Collision with a single marine 
mammal that is currently listed as an endangered species, such as the sperm whale, would 
constitute a significant impact.  A collision with a non-listed species would be considered 
adverse but not locally or regionally significant. 
 
 Only negligible impacts on sea turtles are expected to result from major operational 
discharges, noise (from logistic support helicopters and service and construction vessels), and 
accidental loss of debris.  However, the expected rise in service vessel and construction vessel 
traffic associated with installation of the Gulf Landing LNG regasification terminal may increase 
the likelihood of collisions between these vessels and sea turtles.  The risk of collisions varies, 
depending on location and whether vessel operations are conducted at night and during other 
periods of reduced visibility.  Data indicate that most turtle sightings occur within coastal waters 
and waters of the continental shelf.  Any collision with a single sea turtle resulting in mortality 
would constitute a significant impact, as all sea turtle species are currently listed as endangered 
or threatened species.   
 
4.5.2 Routine Operations 
 
 During routine operations, adverse but not significant impacts are expected to occur 
to air quality, water and sediment quality, marine mammals, fish resources, and commercial 
fisheries.   
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 Air quality modeling was conducted utilizing a conservative approach through the 
selection of a potential LNG regasification facility site close to shore (Appendix C).  Air quality 
impacts from routine operations are expected to be adverse but not significant for emissions of 
SO2, PM10, and CO, based on air quality modeling conducted at West Cameron Block 213.  
However, NO2 emissions at the project site are higher.  Modeling indicated air emissions 
reaching shore from the proposed Gulf Landing LNG regasification terminal would be well below 
the EPA Class II PSD levels. 
 
 During routine operations, the cool water discharged from the ORVs of the 
regasification facilities will cause localized changes in offshore water quality for the duration of 
the LNG regasification operations.  The effect may be adverse, but it is not a significant impact.  
Intake of warm water for the regasification process may produce significant impacts at the 
population level through the entrainment of fish eggs and larvae.  Mitigation measures in the 
form of intake construction and intake cage location have been proposed, along with a 
monitoring program to assess the long-term significance of this impact. 
 
 During routine operations, LNGCs traversing between the Gulf Landing LNG 
regasification terminal and foreign ports, as well as supply boats moving from their shorebase to 
the Gulf Landing LNG regasification terminal, could adversely affect coastal water quality.  Such 
impacts are unexpected and would be insignificant if they were to occur. 
 
 Routine operations will have few and negligible impacts on the water column 
environment because all continuous or frequent intermittent discharges (i.e., cool water from the 
ORVs, sanitary and domestic waste, minor discharges) will comply with NPDES or USCG 
permit-based effluent limits and will be rapidly diluted in the water column.  Once installation of 
bottom-founded structures has been completed, seafloor impacts will have already occurred, 
though anchor scraping and scouring of the seafloor will continue throughout routine operations; 
this would be a negligible impact.  The presence of structures on the seafloor during routine 
operations will have a negligible impact on soft bottom benthos, as epifauna and infauna 
immediately beneath such structures will have already been dislocated during installation.  
Bottom-founded structures will provide hard substrate for epifaunal attachment, a potentially 
beneficial impact.  
 
 Discharges from the regasification terminal and associated vessels will be rapidly 
diluted, with minimal impact on the water column and benthic environment.  In the immediate 
vicinity of the cool water discharge, minor and localized impacts to planktonic and benthic 
communities may occur, but these impacts will be insignificant.  
 
 During routine operations, it is possible that equipment or supplies may be lost 
overboard during transport, transfer, or daily operations.  Impacts on the benthos resulting from 
such losses would be negligible and very localized. 
 
 Water quality degradation from operational discharges and accidental loss of debris 
from service vessels and LNGCs will result in negligible impacts on marine mammals.  Noise 
from helicopters and support vessels is expected to produce longer-term adverse but not 
significant impacts for the duration of Gulf Landing LNG regasification terminal operations.  The 
degree of impact associated with helicopter and vessel traffic appears to be highly variable and 
transient, and may cause short-term behavioral changes such as disruption of activities or 
departure from the area of disturbance.  The expected rise in service vessel traffic associated 
with routine Gulf Landing LNG regasification terminal operations also may increase the likelihood 
of collisions between these vessels and marine mammals.  Once again, collision with a single 
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marine mammal that is currently listed as an endangered species, would constitute a significant 
impact.  Collision with a non-listed species would be considered adverse but not locally or 
regionally significant. 
 
 Negligible impacts on sea turtles are expected from the cool water operational 
discharges, noise (from OCS logistic support helicopters and support vessels), and accidental 
loss of debris associated with Gulf Landing LNG regasification terminal's routine operations.  The 
expected rise in service vessel traffic associated with routine operations, however, will increase 
the likelihood of vessel collision with sea turtles.  As stated previously, collision with a single sea 
turtle resulting in mortality would constitute a significant impact, as all species are currently listed 
as endangered or threatened.  
 
 The physical presence of the Gulf Landing LNG regasification terminal may interfere 
with natural migratory routes, as these structures will act as FADs.  The FAD effect would be 
most pronounced for epipelagic fishes such as tunas, dolphin, billfishes, and jacks.  The concern 
is that highly migratory species could be diverted from traditional migratory routes, and 
consequently, from traditional spawning or feeding areas.  Because of the highly migratory 
nature of many epipelagic species, these effects could extend to a regional scale.  The disruption 
of migrations could result in short- or long-term effects on the feeding behavior of deepwater 
fishes.  Such impacts are considered to be adverse but not significant. 
 
 Bottom trawling and fishing activities will be precluded by the placement of the 
regasification terminal and its associated facilities.  An area encompassing 500 m around the 
deepwater port will be off limits for commercial fishing activities.  The commercial fishing impacts 
associated with preclusion of fishing such a limited area are considered to be adverse but not 
significant. 
 
4.5.3 Decommissioning 
 
 During decommissioning, adverse but not significant impacts are expected to occur 
to water and sediment quality, marine mammals, and sea turtles.  Negligible impacts on air 
quality, coastal environments, offshore environments, coastal and marine birds, fish resources, 
commercial fisheries, social and economic environments, recreational resources and beach use, 
cultural resources, and other uses are projected to occur. 
 
 Decommissioning-related discharges are expected to produce short-term 
degradation of offshore and coastal water quality, an adverse but not significant impact.  
Removal operations will cause relatively small, localized areas of seafloor disturbance, an 
adverse but not significant impact.  During decommissioning, an increase in turbidity within 
transit channels is expected from support and supply vessels.  If dredging of channels is 
necessary to provide for the increase in support vessel traffic, water quality will be affected, and 
sediments in and around the channel will be disturbed.  Turbidity levels could temporarily 
increase as a result of dredging operations.  Mixing of anaerobic sediments into the water 
column could affect oxygen levels and metal concentrations.  All of these impacts are 
considered to be adverse but not significant.  
 
4.5.4 Accidents/Upsets 
 
 Minor accidents in the form of small spills of diesel fuel or LNG are expected to 
cause adverse but not significant impacts to water quality, marine mammals, and sea turtles.  
Negligible impacts on air quality, coastal environments, offshore environments, coastal and 
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marine birds, fish resources, commercial fisheries, social and economic environments, 
recreational resources and beach use, cultural resources, and other uses are projected to occur 
as a result of these minor accidents and/or upsets. 
 
 A major diesel fuel spill from tugs or supply vessels associated with this project could 
have significant impacts in the marine environment and could potentially impact coastal areas.  
The potential for a spill of this nature from a vessel associated with Gulf Landing is similar to 
that associated with any other shipping activity in the GOM.  If such spills occur, standard 
emergency response and clean up plans will be activated.  
 
 A catastrophic release of LNG would impact the water column  only at the air/sea 
interface.  Impacts of such an event are unlikely to affect any marine organisms other than 
plankton and nekton living at the sea’s surface.  Such impacts would be limited in area as the 
LNG would rapidly boil off and disperse safely into the atmosphere. 
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5.0  ENVIRONMENTAL JUSTICE 
 
 
 In February of 1996, President Clinton signed Executive Order 12898, Federal 
Actions to Address Environmental Justice in Minority Populations and Low-Income Populations.  
This Executive Order requires each Federal agency to make achieving environmental justice 
part of its mission by identifying and addressing as appropriate, disproportionately high and 
adverse human health or environmental effects of its programs, policies, and activities on 
minority populations and low-income populations in the U.S. and its territories and possessions.  
“Environmental Justice” seeks to ensure that no population is forced to shoulder a 
disproportionate burden of negative human health and environmental impacts of pollution or 
other environmental hazards. 
 
 Low-income communities found around the GOM include multi-ethnic as well as 
homogeneous communities and neighborhoods.  Minority communities that fall under the focus 
of Executive Order 12898 and that are within the potential impact area of this Preferred 
Alternative include 
 

• Primarily Hispanic communities found along the Texas coast; 
• African-American communities found along the northern Gulf coast; 
• Native American tribal lands found in Louisiana; and 
• Asian-American communities and neighborhoods found primarily in Texas, 

Louisiana, and Alabama. 
 
 The construction and operation of the Gulf Landing LNG regasification terminal in the 
offshore waters of the OCS off Louisiana would require equipment and services from the OCS 
support services infrastructure along the entire coast of the GOM.  To a large extent, existing 
facilities would be utilized to support the Preferred Alternative.  No new onshore infrastructure or 
bases are proposed as a direct result of this project.  It is possible that some existing onshore 
ship building facilities and their associated channels may have to be enlarged or otherwise 
modified to allow construction of the large two-tank units forming the GBS.  Some of these 
potential construction yards and graving docks may be located proximate to minority or low-
income populations or communities.  Any modifications to existing facilities would have to be 
approved by the pertinent Federal and State agencies, county or parish, and local governments 
having jurisdiction.  Should inconsistencies or potentially adverse effects be identified through 
this development approval process, it is assumed that approval would either not be granted, or 
that appropriate mitigation measures would be enforced by the responsible agency. 
 
 The proposed construction and operation of the Gulf Landing LNG regasification 
terminal in OCS waters and the shore-side support required is not expected to cause 
disproportionately high and adverse human health or environmental effects on minority or low-
income populations.  
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6.0  ENERGY REQUIREMENTS AND CONSERVATION POTENTIAL 
 
 
 Construction and operation of the Gulf Landing LNG regasification terminal will 
require expenditure of energy in the form of fossil fuels consumed by ships and aircraft.  Fuel 
will be used by the tugs, which tow the GBS LNG storage tanks into position and by the tugs, 
barges, and supply vessels that complete the work on the topside facilities.  Construction of the 
GBS unit will take place within the GOM geographical area, thus minimizing the distance the 
GBS unit will have to be towed before it is positioned.   
 
 Fuel also will be consumed by the pipelaying barge and support vessels required to 
install the interconnector take-away natural gas pipelines.  Because the Gulf Landing project 
relies on the existing natural gas pipeline infrastructure in the GOM to transport its natural gas to 
shore, the interconnector pipelines that must be installed are relatively short, and fuel 
consumption during this phase of construction will therefore be minimized. 
 
 During operation of the Gulf Landing LNG regasification terminal, fuel will be 
consumed by the tug and supply boats and aircraft associated with terminal operations.  LNGCs 
also will consume a small amount of diesel fuel as they make their final approach to the 
terminal.  Because the Gulf Landing LNG regasification terminal is located near extensive oil 
and gas infrastructure supply bases along the coast of Louisiana, fuel consumed by ships and 
aircraft associated with routine terminal operations would be conserved by minimizing transit 
distances and keeping the time at sea to a minimum.  The terminal will supply all of its own 
energy needs by utilizing a portion of the natural gas it is supplying to the U.S. mainland.  
Overall, the Gulf Landing LNG regasification terminal will result in a net gain in energy 
availability within the continental U.S. from the natural gas it will be exporting to the mainland. 
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7.0  IRREVERSIBLE AND IRRETRIEVABLE 
COMMITMENTS OF RESOURCES 

 
 
 An irreversible or irretrievable commitment of resources refers to impacts on or 
losses to resources that cannot be reversed or recovered.  Construction and operation of the 
Gulf Landing LNG regasification terminal would result in commitments of labor and capital along 
with use of non-renewable materials.  Fuel used by ships and aircraft during the construction, 
operation, and decommissioning phases of this project, as well as non-recyclable materials, 
used over the life of this facility are irretrievable resources.   
 
 Some normal and required operations, such as structure removal or intake of 
warming water for the ORVs, may result in the destruction of marine life.  Structure removal by 
explosives during decommissioning could cause mortality to fish resources, including 
commercial and recreational species.  Small numbers of fish kills are known to occur when 
explosives are used to remove structures in the Gulf of Mexico.  Intake of warming water may 
result in the loss of fish eggs and larvae.  These losses are unlikely to have a lasting effect on 
the populations in the Gulf of Mexico. 
 
 Some loss of marine life may occur from unpredictable and unexpected acts of man 
and nature (accidents, human error, and adverse weather conditions).  There is a remote 
possibility that individual marine mammals, marine turtles, and marine birds, could be injured or 
killed. 
 
 Although archaeological resources have not be identified in the vicinity of the 
offshore terminal, it is conceivable that some terminal installation-related activity could affect an 
unknown historic shipwreck or prehistoric site and could destroy information contained in site 
components and their spatial distribution.  This could cause a permanent loss of potentially 
unique archaeological data; however, this is very unlikely. 
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8.0  RELATIONSHIP BETWEEN SHORT-TERM USE  
OF THE ENVIRONMENT AND MAINTENANCE AND  
ENHANCEMENT OF LONG-TERM PRODUCTIVITY 

 
 
 The Preferred Alternative would allow Gulf Landing LLC to build and operate an LNG 
regasification facility as a deepwater port.  Construction, operation, and decommissioning of this 
facility would have no significant long-term impacts on the environment.  Long-term 
commitments of labor and capital, along with use of non-renewable materials for machine 
power, construction, maintenance, and removal, would result from the Preferred Alternative.  
Long-term commitments of resources would be required.  The location of this proposed facility 
in offshore waters would minimize biological effects because productivity is expected to be 
lower than in nearshore waters.  Most environmental effects would be temporary in nature; 
individual marine organisms may be killed or injured as a result of construction and operation, 
but there should be no lasting impact on population levels of any species.  The mitigation and 
monitoring proposed by Gulf Landing LLC for potential entrainment and impingement of fish 
eggs and larvae in the warming water uptake will allow Gulf Landing LLC to better understand 
and manage the effects of the Preferred Alternative on marine resources.  The most significant 
long-term effect from this Preferred Alternative would be the removal of 4.47 ha (11.05 acres) of 
seafloor habitat from the Block 213 ecosystem over the projected 30-year life span of the 
proposed facility.  This habitat loss will be partially mitigated for by the creation of 1.4 ha 
(3.4 acres) of new, vertical hard bottom habitat represented by the sides of the GBS plus 0.5 ha 
(1.3 acres) associated with scour protection.  At the completion of the 30-year useful life of the 
proposed facility, Gulf Landing LLC has proposed to decommission the Gulf Landing LNG 
regasification terminal.  This plan should be re-evaluated at that time in terms of the existing 
habitat represented by the GBS and its potential to enhance long-term environmental 
productivity in the area. 
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9.0  RELATIONSHIP WITH FEDERAL, STATE, AND 
LOCAL PLANS, POLICIES, AND CONTROLS 

 
 
9.1 DEEPWATER PORT ACT 
 
 The Deepwater Port Act, 33 USC 1501-1524, was enacted in 1974 to promote the 
construction and operation of deepwater ports as a safe and effective means of importing oil 
into the U.S. and transporting oil from the OCS.  The intent of the Act is to protect marine and 
coastal environments from the adverse effects associated with developing and operating such 
industrialized ports (e.g., spills).  The Act defines marine and coastal environments to include 
the shoreline and waters of the contiguous zone and high seas, the natural resources inhabiting 
these areas, and the recreational and scenic values of these lands, waters, and resources.  To 
protect these environments, the law establishes a program to (1) regulate the location, 
ownership, construction, and operation of manmade deepwater port structures that are located 
beyond the boundary of the U.S. territorial sea, and (2) license the transport of oil from such 
locations. 
 
9.2 MARITIME TRANSPORTATION SECURITY ACT (MTSA) 
 
 In 2002, the MTSA, 46 USC 2101 et seq., extended the definition of "deepwater port" 
as set forth in the Deepwater Port Act of 1974, to provide for natural gas deepwater ports as 
well as oil: 
 

"…deepwater port means any fixed or floating manmade structure other than 
a vessel, or a group of such structures, that are located beyond State 
seaward boundaries and that are used or intended for use as a port or 
terminal for the transportation, storage, or further handling of oil or natural 
gas for transportation to any State … and for other uses not inconsistent with 
the purposes of this Act, including transportation of oil or natural gas from the 
United States outer continental shelf." 

 
 The passage of this amendment also fundamentally altered the regulatory process 
for offshore LNG terminals by shifting permitting and regulatory responsibilities from the Federal 
Energy Regulatory Commission (FERC), as previously authorized by the Natural Gas Act, to the 
Secretary of Transportation (Secretary).  The Secretary has delegated the processing of 
deepwater port applications to the USCG and MARAD.  However, the Deepwater Port Act 
requires the Secretary to make the final determination on all deepwater port applications after 
consulting with other Federal agencies and adjacent coastal states.  In addition, the MTSA 
allows for the licensing of more than one natural gas port in an "application area," with no 
provision for limiting selection of the "best" license application, although this requirement still 
applies to deepwater ports for oil. 
 
9.3 NATIONAL ENVIRONMENTAL POLICY ACT (NEPA) 
 
 The NEPA, 42 USC 4321-4370c of 1969, as amended, contains policy and guidance 
to ensure that potential impacts from proposed Federal actions are assessed using a systematic 
and interdisciplinary approach.  This ER has been prepared in accordance with 
Section 102(2)(c) of NEPA, the CEQ regulations on implementing NEPA procedures 
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(40 CFR 1500-1508), and Department of Transportation USCG regulations on implementing 
NEPA procedures.  
 
9.4 PORT AND WATERWAYS SAFETY ACT 
 
 The Port and Waterways Safety Act, 33 USC 1221-1232 sets boat operating and 
towing safety requirements and establishes enforcement provisions.  The Act authorizes the 
USCG to establish vessel traffic service/separation schemes for ports, harbors, and other 
waters subject to congested vessel traffic.  Gulf Landing LLC will request an exclusion zone 
around the facility in accordance with this Act. 
 
9.5 CLEAN WATER ACT 
 
 The Clean Water Act, 33 USC 1251-1387 (also known as the Federal Water 
Pollution Control Act) is designed to comprehensively restore and maintain the chemical, 
physical, and biological integrity of the nation’s waters.  The Act is implemented and enforced by 
EPA.  Gulf Landing LLC has applied for the NPDES permit for the water discharges from the 
facility. 
 
 The terminal is required to meet the requirements of 33 CFR §158 - Reception 
Facilities For Oil, Noxious Liquid Substances, and Garbage as required by the International 
Convention for the Prevention of Pollution from Ships, 1973, as modified by the Protocol of 1978 
relating to that Convention.   With regard to LNGCs this relates primarily to the handling and 
approved disposal of oily residues from machinery and garbage. This will be addressed during 
the detailed design phase of the project to ensure appropriate means are established to comply 
with the regulations. 
 
 Gulf Landing also may require a Section 10 permit from the Army Corps of Engineers 
for dredging in the terminal site area.  This permit has not yet been filed for at the request of the 
Corps.   
 
 The GBS graving dock associated with the Gulf Landing terminal may be constructed 
in U.S. jurisdictional waters and, if so, an application to address Section 401 permitting 
requirements will be made following the final selection of the fabrication facility.  Pursuant to the 
State Water Quality Certification program of Section 401 of the CWA (33 USC §1341(a)(1)), an 
applicant obtaining a federal license or permit must provide certification that any discharges 
from the facility will comply with the act.  Under these provisions, states have the authority to 
review any federal permit or license that may result in a discharge to wetlands and other waters 
under state jurisdiction, to ensure that the actions would be consistent with the state’s water 
quality requirements and other applicable state laws.  If the GBS graving dock is constructed in 
U.S. territorial waters, Gulf Landing will file the appropriate request for Water Quality 
Certification to the applicable state agency having jurisdiction for the construction site. 
 
9.6 CLEAN AIR ACT 
 
 The Clean Air Act, 42 USC 7401-7671q, as amended, establishes Federal standards 
for air pollutants.  The object of this Act is to prevent significant deterioration in areas of the 
country where air quality fails to meet Federal standards.  This Act is administered by the EPA, 
which in some cases has assigned responsibility for administration to State and local 
authorities.  As a deepwater port, the Gulf Landing LNG regasification terminal falls under the 
jurisdiction of the EPA, Region 6.  Gulf Landing has applied for an air emissions permit in 
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accordance with this Act. 
 
9.7 ENDANGERED SPECIES ACT 
 
 The Endangered Species Act of 1973, 16 USC 1531-1544, as amended, empowers 
the Secretary of the Interior to establish a listing of endangered and threatened species and 
critical habitats designated for protection.  The Act prohibits jeopardizing endangered and 
threatened species or adversely modifying critical habitats essential to their survival.  Section 7 
of the Act requires consultation with NMFS and/or USFWS if the applicant has reason to believe 
that an endangered or threatened species may be present in the area affected by the project, 
and that implementation of the Preferred Alternative will likely affect such species.  Formal 
consultation with the NMFS is necessary because there are several species of listed marine 
mammals and turtles under NMFS jurisdiction that may be affected by the Preferred Alternative.  
 
9.8 MIGRATORY BIRD TREATY ACT (MBTA) 
 
 The MBTA of 1918, 16 USC 703 et seq., as amended, regulates the taking, killing, 
and possession of migratory birds within U.S. territory.  The MBTA applies to migratory birds as 
defined in the terms of conventions between the U.S. and Great Britain, Mexico, Japan, and the 
Union of Soviet Socialist Republics (Commonwealth of Independent States).  Many of the 
seabird species that could occur at the test areas are migratory birds as defined in the Act.  No 
taking or killing of migratory birds would result from construction or operation of the Gulf Landing 
LNG regasification terminal. 
 
9.9 MARINE MAMMAL PROTECTION ACT (MMPA) 
 
 The MMPA of 1972, 16 USC 1361 et seq., as amended, establishes a national policy 
designed to protect and conserve marine mammals and their habitats.  This policy is 
established to prevent the reduction of population stocks beyond the point at which they cease 
to be a functioning element in the ecosystem, or the reduction of species below their optimum 
sustainable population. 
 
 Permission may be granted by the Secretary for the incidental take of marine 
mammals if the taking will (1) have a negligible impact on the species or stock(s); and (2) not 
have an unmitigable adverse impact on the availability of the species or stock(s) for subsistence 
uses.  None of the activities associated with the construction or operation of the Gulf Landing 
LNG regasification terminal should have any adverse effects on marine mammals in the GOM. 
 
9.10 MAGNUSON-STEVENS FISHERY CONSERVATION AND MANAGEMENT ACT 

AND SUSTAINABLE FISHERIES ACT OF 1996 
 
 In September 1996, the U.S. Congress passed Public Law 104-297, the Sustainable 
Fisheries Act (SFA), which amended the Magnuson Fishery Conservation and Management Act 
(renamed the Magnuson-Stevens Fishery Conservation and Management Act, or the 
Magnuson-Stevens Act).  With passage of the SFA, NMFS was charged with designating and 
conserving Essential Fish Habitat (EFH) for those species considered under Federal Fishery 
Management Plans.  Specifically, Section 303(a)(7) of the Magnuson-Stevens Act (16 USC 
§ 1801 et seq.), as amended by the SFA, requires that EFH be properly described and 
identified. 
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 EFH is defined as "those waters and substrate necessary to fish for spawning, 
breeding, feeding or growth to maturity" [16 USC § 1801(10)].  The EFH interim final rule 
summarizing EFH regulations (62 FR 66531-66559 December 19, 1997) outlines additional 
interpretation of the EFH definition.  Waters, as defined previously, include "aquatic areas and 
their associated physical, chemical, and biological properties that are used by fish, and may 
include aquatic areas historically used by fish where appropriate."  Substrate includes 
"sediment, hard bottom, structures underlying the waters, and associated biological 
communities."  Necessary is defined as "the habitat required to support a sustainable fishery 
and the managed species' contribution to a healthy ecosystem."  Fish includes "finfish, 
mollusks, crustaceans, and all other forms of marine animal and plant life other than marine 
mammals and birds," whereas "spawning, breeding, feeding or growth to maturity" covers the 
complete life cycle of those species of interest. 
 
 These regulatory requirements and associated definitions are intended to minimize, 
to the extent practicable, any adverse effects on habitat caused by fishing or other non-fishing 
activities, and to identify other actions to encourage the conservation and enhancement of such 
habitat.  According to the interim final rule (62 FR 66531-66559 December 19, 1997), a 
necessary initial step in identifying conservation and enhancement measures is to identify any 
adverse impacts that will require such measures to be implemented. 
 
 Federal agencies must consult with NMFS for any actions authorized, funded, or 
undertaken, or proposed to be authorized, funded, or undertaken that may adversely affect 
EFH.  An adverse effect is "any impact which reduces quality and/or quantity of EFH...[and] may 
include direct (e.g., contamination or physical disruption), indirect (e.g., loss of prey, reduction in 
species’ fecundity), site-specific or habitat wide impacts, including individual, cumulative, or 
synergistic consequences of actions."  In response to the EFH consultation, NMFS is required to 
provide EFH conservation recommendations to the Federal agency.  After receiving these 
recommendations, the Federal agency is to respond to NMFS, describing the measures 
proposed by the agency for avoiding, mitigating, or offsetting the impact of the activity on such 
habitat.  In the case where an agency disagrees with NMFS’ recommendations, the agency 
must explain its reasons for not following the recommendations. 
 
 For this ER, Gulf Landing LLC has reviewed information on managed species and 
their EFH near each of the two viable alternative site locations.  Based on an impact analysis 
(see Section 4.2.2.1.2, Operations), Gulf Landing LLC concluded that with the proposed 
mitigation measures minimizing E&I impact potential, the Preferred Alternative would not 
adversely affect EFH at either of the possible terminal locations.  
 
9.11 MARINE PROTECTION, RESEARCH AND SANCTUARIES ACT 
 
 The Marine Protection, Research and Sanctuaries Act of 1972, 16 USC 1431 et seq. 
(also known as the Ocean Dumping Act), as amended, makes it illegal for any person to 
transport material from the U.S. for the purpose of dumping it into ocean waters.  The term 
"dumping" as defined under the Act does not include the intentional placement of any device in 
ocean waters for a purpose other than disposal.  The construction and operation of the Gulf 
Landing LNG regasification terminal would not involve transporting material for the purpose of 
dumping it into ocean waters, therefore the Preferred Alternative would not require an ocean 
dumping permit. 
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9.12 ARCHAEOLOGICAL AND HISTORICAL PRESERVATION ACT 
 
 The Archaeological and Historical Preservation Act, 16 USC 469, protects and 
preserves historical and archaeological data.  This Act requires Federal agencies to identify and 
recover data from archaeological sites threatened by a proposed action.  No archaeological 
sites are threatened by the Gulf Landing Preferred Alternative. 
 
9.13 COASTAL ZONE MANAGEMENT ACT 
 
 The Coastal Zone Management Act of 1972, 16 USC 1451 et seq., as amended, 
provides for the effective management, beneficial use, protection, and development of the U.S. 
coastal zone.  The Act enables individual states to develop and implement regulatory guidelines 
to ensure appropriate protection and compatibility of uses within their coastal zones.  The 
shore-based operations and transit of ships and aircraft from shore support facilities to the 
terminal site would have no effects on coastal resources.  Shore facility operations and ship and 
aircraft transits are of the same type routinely conducted by offshore operators in the GOM and 
would not involve any unusual or extraordinary activities.  Construction of the LNG regasification 
facility would occur well outside state waters and coastal zones; it would not directly or indirectly 
affect coastal resources of any state.  Due to the small area occupied by the terminal, 
23,836.8 m2 (5.9 acres) and the 500-m (1,640-ft) diameter exclusion zone around it, the 
Preferred Alternative would not have significant impacts on commercial or sport fishery stocks, 
fishing activities, or the coastal fishing industry.  Existing facilities would provide all services in 
support of the proposed Gulf Landing LNG regasification terminal, and no negative direct or 
indirect impacts on the local economy are expected.  The coastal tourist industry would not be 
affected. 
 
9.14 NATIONAL HISTORIC PRESERVATION ACT 
 
 The National Historic Preservation Act, 16 USC 470-470x-6, requires Federal 
agencies to consider the effect of any federally assisted undertaking or licensing on any district, 
site, building, structure, or object eligible for inclusion, or listed in the National Register of 
Historic Places (NRHP).  The Act also provides for the nomination, identification (through NRHP 
listing), and protection of significant historical and cultural properties.  No significant historical or 
cultural resources will be affected by the Gulf Landing Preferred Alternative. 
 
9.15 NOISE CONTROL ACT 
 
 The Noise Control Act of 1972, 42 USC 4901-4918, establishes a national policy to 
promote an environment free from noise that jeopardizes health and welfare.  The Act 
authorizes the establishment of Federal noise emissions standards and provides relevant 
information to the public.  Due to the offshore location of the Gulf Landing LNG regasification 
terminal, noise receptors in the immediate vicinity of the proposed facilities do not exist.  Within 
the Gulf Landing deepwater port facilities themselves, Gulf Landing LLC will adhere to all 
Federal noise standards applicable as well as the standards Shell maintains for noise protection 
under their Health, Safety, and Environmental (HS&E) policies.  
 
9.16 COASTAL BARRIER RESOURCES ACT 
 
 The Coastal Barrier Resources Act, 16 USC 3501-3510, discourages coastal barrier 
island degradation by prohibiting direct or indirect Federal financial funds (including flood 
insurance) for development, except for emergency life-saving activities.  The Gulf Landing 
Preferred Alternative will have no impacts on coastal barrier islands. 
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9.17 NORTHWEST ATLANTIC FISHERIES CONVENTION ACT 
 
 The Northwest Atlantic Fisheries Convention Act of 1969, 42 USC 4321-4370e, as 
amended, requires Federal agencies to use a systematic approach when assessing 
environmental impacts of government activities.  The Act also proposes an interdisciplinary 
approach in a decision-making process designed to identify unacceptable or unnecessary 
impacts to the environment. 
 
9.18 NON-INDIGENOUS AQUATIC NUISANCE PREVENTION CONTROL ACT  
 
 Non-indigenous Aquatic Nuisance Prevention Control Act of 1990, 16 USC 
4701-4751, establishes aquatic nuisance species and requires steps be taken to prevent 
introducing such species into new habitats.  This Act was primarily designed to protect fresh and 
brackish inshore waters from the introduction of non-native aquatic species of plants and 
animals.  In the offshore environment where the Gulf Landing terminal will be constructed and 
operated, non-native marine species have been introduced from ballast water discharged by 
freighters and tankers.  All construction and support vessels associated with the Gulf Landing 
proposed project will be local within the GOM.  The only international vessel traffic associated 
with the Gulf Landing deepwater port will be the LNGCs carrying LNG to the port.  These 
vessels may take on ballast water after they have deposited their cargoes at Gulf Landing, but 
they will not be discharging in water within the GOM. 
 
9.19 EXECUTIVE ORDER (EO) 12372 – Intergovernmental Review of Federal 

Programs 
 
 EO 12372, Intergovernmental Review of Federal Programs (July 14, 1982, 
47 FR 30959), as supplemented, requires Federal agencies to consult with state and local 
governments when proposed Federal financial assistance or direct Federal development 
impacts interstate metropolitan urban centers or other interstate areas.  Gulf Landing LLC will 
support and assist USCG in their fulfillment of this order. 
 
9.20 EO 13148 – Greening the Government Through Leadership in Environmental 

Management 
 
 EO 13148, Greening the Government Through Leadership in Environmental 
Management (April 21, 2000, 65 FR 24595), requires the head of each Federal agency to 
ensure that all necessary actions are taken to integrate environmental accountability into 
agency day-to-day decision-making and long-term planning processes across all agency 
missions, activities, and functions.  The EO establishes goals for environmental management, 
environmental compliance, right-to-know (informing the public and their workers of possible 
sources of pollution resulting from facility operations) and pollution prevention, and similar 
matters.  Gulf Landing LLC will support and assist the USCG in its fulfillment of this order. 
 
9.21 EO 11593 – Protection and Enhancement of the Cultural Environment 
 
 EO 11593, Protection and Enhancement of the Cultural Environment (May 13, 1971, 
36 FR 8921), requires all Federal agencies to locate, identify, and record all cultural resources, 
including significant archaeological, historical, or architectural sites.  Gulf Landing LLC has 
identified potential archaeological sites within the C&C report (C&C Technologies, 2003).  The 
facility siting has provided appropriate clearance distances from the identified potential 
archaeological sites near the Preferred Alternative location. 
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9.22 EO 12898 – Environmental Justice 
 
 EO 12898, Environmental Justice (February 11, 1994, 59 FR 7629), as amended, 
requires certain Federal agencies, to the greatest extent practicable permitted by law, to make 
environmental justice part of their missions by identifying and addressing disproportionately high 
and adverse health or environmental effects on minority and low-income populations. 
 
 Consistent with EO 12898, "Federal Actions to Address Environmental Justice in 
Minority Populations and Low-Income Populations," it is Shell's policy to identify and address 
disproportionately high and adverse human health or environmental effects on members of 
minority and low-income populations.  On-site construction and operation of the proposed Gulf 
Landing LNG regasification terminal would occur well offshore and would result in minor and/or 
temporary impacts to the environment at the terminal site, with no significant direct or indirect 
impacts on the human population. 
 
 Due to the small area affected, the Preferred Alternative would not have significant 
impacts on commercial or sport fishery stocks, fishing activities (including subsistence fishing), 
or the coastal fishing industry.  Existing facilities, including the construction yards proposed for 
construction of the two GBS structures forming the terminal, would provide all services in 
support of the Preferred Alternative, and no negative direct or indirect impacts on the local 
economies are expected.  The shore-based operations and transit of ships and aircraft from 
shore support facilities to the project site are of the same type routinely conducted by offshore 
operators in the GOM and would not involve any unusual or extraordinary activities that could 
have impacts on coastal resources or the coastal economy.  Therefore, the Preferred 
Alternative would not have any disproportionately high and adverse environmental or health 
impacts specific to any minority or low-income populations. 
 
9.23 EO 13186 – Responsibility of Federal Agencies to Protect Migratory Birds 
 
 EO 13186, Responsibility of Federal Agencies to Protect Migratory Birds (January 
10, 2001, 66 FR 3853), requires each agency to ensure that environmental analyses of Federal 
actions (required by the NEPA or other established environmental review processes) evaluate 
the effects of actions and agency plans on migratory birds, emphasizing species of concern.  
Agencies must support the conservation intent of migratory bird conventions by integrating bird 
conservation principles, measures, and practices into agency activities, and by avoiding or 
minimizing, to the extent practicable, adverse impacts on migratory bird resources when 
conducting agency actions. 
 
 With regards to its proposed Gulf Landing LNG regasification terminal, Gulf Landing 
LLC has consulted with the USFWS and Audubon Society to determine what migratory species 
of special concern pass over the area proposed for this project.  Gulf Landing LLC has taken 
steps so that none of the activities proposed in association with this project will impact migratory 
bird species (see Section 4.2.2.4, Coastal and Marine Birds). 
 
9.24 EO 13175 – Consultation and Coordination with Indian Tribal Governments 
 
 EO 13175, Consultation and Coordination with Indian Tribal Governments 
(November 6, 2000, 65 FR 67249), requires Federal agencies to establish an accountable 
process that ensures meaningful and timely input from tribal officials in developing policies that 
have tribal implications.  Gulf Landing LLC does not believe any of the activities associated with 
the development of the Gulf Landing LNG regasification terminal project has tribal implications. 
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APPENDIX A 

 

OUTFALL DESIGN CONFIGURATION AND 

DISCHARGED WATER TEMPERATURE MODELING 

 
 
 
 
 
 
 
Due to the dates when specific modeling studies were conducted, the project is referred to as “New Entry” in 
Appendices A-1 through A-3.  The name of this project was officially changed to “Gulf Landing” in March 2003.  
This change is reflected in the modeling reports included as Appendices A-4 and A-5. 
 
The modeling reported on in Appendices A-1, A-2, and A-3 was performed when the anticipated location for this 
project was West Cameron Block 182.  West Cameron Block 213 was not selected as the Preferred Alternative 
until March 2003.  There are no significant differences in depth or oceanic conditions between  
West Cameron Blocks 182 and 213. 
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DESIGN CONFIGURATION #1 
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Executive Summary

The New Entry LNG gasification facility is planned for the West Cameron 182 Block

offshore Louisiana.  The cool water plumes produced by the facility were analyzed under

the expected range of ambient conditions.  The Offshore Operators Committee discharge

model and the U.S. EPA’s CORMIX model were used for this analysis.

Ambient conditions used in the analysis were set based on currents and hydrographic

conditions measured in the nearby region.  No in situ measurements were available.

Current speeds exceeded 90, 50 and 10% of the time were estimated to be 0.03, 0.097 and

0.218 m/s, respectively.  Hydrographic measurements indicated that ambient density

gradients ranged from 0.0 kg/m
3
/m (unstratified) about 0.2 kg/m

3
/m (strongly stratified).

The strong stratification was due almost entirely to the formation of a halocline, little

temperature variation was observed in individual temperature profiles.

The arrangement for discharging cool water from the LNG facility consists of seven 58

inch diameter pipes, six of which will be running whenever the facility is operating.  The

mouths of the discharge pipes were assumed to form a de facto diffuser outfall.  They

were arranged in a north-south line, spaced 7.5 meters apart and located 1 m above the

sea floor, aimed vertically upward.  As mentioned in the report, the ratio of the cool water

volume flux to the volume flux of ambient water flowing past the outfall ranges from

about 1.0 to about 0.13.  These ratios are very large and lead to unstable flow conditions

at the outfall.  The consequence is that turbulence will cause the cool water effluent

plume to occupy the full water depth near the outfall.  As the distance from the outfall

increases, the water column will restratify and a cool water layer from 1 to 6 meters thick

will occupy large areas of the sea floor.  Because of this, the predicted cool water plumes

are not likely to change significantly as a result of adjustments to the design or position of

the outfall.

Most areas where cool water plumes exist will see temperature deficiencies, T ,

(temperatures less than ambient temperature) of 1 to 2 C.  The areas occupied depend

strongly on the current speed and, to a lesser extent, on the stratification indicated by the

hydrographic profiles.  In unstratified conditions, areas predicted to be exposed to T =

1 C or more range from 12.5 to 220 hectares.  In conditions of maximum stratification,

the range of areas seeing T = 1 C is to 18.3 to 184 hectares.

The report concludes with a caveat that computer models are approximate, especially for

conditions postulated for the New Entry outfall.  Careful laboratory experiments remain

the best way to predict plume behavior under such conditions.
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1 Introduction

The New Entry facility to gasify liquified natural gas (LNG) offshore Louisiana is in the

preliminary design stage.  The thermal energy to gasify the LNG is to be extracted from

ambient sea water.  The by-product of this process will be cooled sea water that is to be

discharged from the facility.  The volume flux of sea water will be quite large,

approximately 63 mgd.  The discharged sea water is expected to be 10 C cooler than the

ambient sea water.  The cool water discharges are expected to occur at regular intervals

throughout the year, with discharges occurring 50% of the time.

This report provides an assessment, based on computer modeling, of the nature and

extent of the cool water plumes expected when the gasification facility is operating.  The

following subjects are covered:

 description of the data used for modeling, consisting of the discharge and ambient

conditions

 description of the modeling methods

 presentation of the results

 conclusion and recommendation.

2 Modeling Data

Modeling data was obtained from e-mail messages and attachments sent by Continental

Shelf Associates, Inc.

2.1 Cool Water Plume

The gasification facility is expected to employ seven pumped sea water circulation

systems, of which six will be in operation when the plant is operating at full capacity.

The pumps will circulate sea water through 58 inch (ID) pipelines.  The cooled sea water

is to be discharged at a distance of 2400 ft (732 m) from the facility.  The arrangement of

the collection of discharge pipes will be termed the “outfall” in the rest of this report.

The facility will operate 50 percent of the time, with a duty cycle of approximately 3 days

of operation 24 hours/day, followed by 3 days off.

When the facility is operating, each sea water line will flow 2,640,000 gal/hour

(2.776 m
3
/s).  The combined flow of six lines will be 63.36 mgd (16.66 m3/s).  The

temperature of the water discharged from the outfall is expected to be 10 C cooler than

the ambient sea water.  The outfall will discharge the cooled water near the sea floor.

The preliminary outfall configuration will be established in section 2.6.
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2.2 Bathymetry

The preliminary location of the facility is in the West Cameron Block 182.  The water

depth is approximately 50 ft (15.2 m) and approximately flat, owing to its location on the

continental shelf.

2.3 Currents

No current measurements are available in situ.  However, data from a study, LATEX,

sponsored by the U.S. Minerals Management Service is available at a location near New

Entry (Shell, Preliminary Oceanographic Criteria document).  Site 20 of the LATEX

study lies about 35 nautical miles west of New Entry.  Owing to the similarity of water

depth, distance offshore and coastal configuration, the Site 20 data are considered to be

representative of conditions at New Entry.

Measurements were taken at depths of 3 and 12 m in water 14 m deep.  The upper meter

was deployed from 5/31/92 to 11/30/94.  The lower meter was deployed from 4/13/92 to

11/30/94.  Despite periods of missing data, quantity of data provided allowed for

calculation of reliable statistics.

Modeling reported in this document is based on the Site 20 data.  The marginal

distributions from the joint distribution tables for current speed and direction reported in

Shell’s “Preliminary Oceanographic Criteria” document were used to prepare plots of

current speed vs. probability of exceedance (Figure 1) and of current direction vs.

probability
1
 (Figure 2).  The curves show the statistics for the individual periods of good

data records.  There is considerable variation exhibited in these figures, making the

selection of representative current conditions difficult.

An estimate of the cumulative marginal distributions of current speed and direction for

the entire measurement period was undertaken.  The joint distribution tables for currents,

contained in the “Preliminary Oceanographic Criteria” document give the percentage of

the sample times that each speed and direction band in the tables occurred.  The number

of days in each measurement period was reported.  Therefore the number of , say, hourly

measurements that fall within a certain band of speed or direction for a single

measurement period can be computed as the product of the number of days in the period,

the percentage of measurements in the band and the number of hours in the day.  This

calculation was made for the marginal distributions of speed and direction in each joint

distribution table.  The measurement counts thus obtained were summed for each speed

and direction band in the marginal distributions, divided by the total number of

measurement counts and multiplied by 100%.  The results were cumulative distributions

of current speed (Figure 3) and current direction (Figure 4).

                                                          
1 In oceanographic usage, current direction is the direction the current flows toward.
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Examination of Figures 1 and 3 shows a considerable difference in speeds between the

upper and lower meters.  Owing to the outfall discharging cool water near the sea floor,

currents from the lower meter were used for modeling.

Usual practice for picking current speeds to use for modeling effluent discharge is to use

the speeds exceeded 10%, 50% and 90% of the time.  The speed exceeded 90% of the

time is the 10 percentile speed.  Consulting the “Bot, All Data” curve in Figure 3, this

speed is 3.0 cm/s.  Using the same curve, the speed exceeded 50% of the time (the

median or 50 percentile speed) is 9.7 cm/s.  The speed exceeded 10% of the time (the 90

percentile speed) is 21.8 cm/s.

Examination of Figure 4 shows that there is not a lot of variation of direction probability

for the currents measured at the lower meter (in contrast to the upper meter, for which a

tendency to westward flow is evident).  There is a small tendency of the bottom currents

to flow towards the west.

2.4 Hydrography

Ambient salinity and temperature profiles have an effect on effluent plumes.  Changes in

salinity and temperature with depth can create density gradients within the water column.

The interaction of ambient density gradients with effluent density influences the vertical

motion of effluent plumes.

Texas A&M University has sponsored oceanographic cruises that measured hydrographic

profiles near the New Entry site.  Data from cruises 92G04 and 92G10 was plotted

(Figure 5).  The bottom frame of Figure 5 shows the density
2
 profiles corresponding to

the measured temperatures and salinities.  The bottom frame exhibits both unstratified

and strongly stratified conditions.  Stratification is expressed as dyd t / , which ranges

from 0.0 for unstratified conditions to about 0.2 for the maximum stratification.

The ambient water density for the unstratified case was taken to be t =20 (based on

Station 10, Cruise 92G10).

As shown in Figure 5, most density variations were due to salinity variations, so a

composite of the two greatest salinity gradients were used to establish conditions for

maximum stratification conditions.  The composite maximum salinity gradient was

approximately 0.25ppt/m.  This has implications for operation of the gasification facility.

Assume that water for the gasification plant intakes comes from the surface water, and

assume a surface salinity of 30 ppt.  With the maximum gradient, the salinity at the sea

floor (15.24 m) will be 33.81 ppt.  In the absence of cooling, the discharged water would

be buoyant and try to rise to the surface.  Assume a water temperature that is the average

of observed temperatures at stations 1-4 of cruise 92G04, 19 C.  The calculated sea water

densities at the surface and bottom are then 21.236 and 24.136 (in sigma-t units).

                                                          
2 Oceanographers express sea water density in Sigma-t ( t ) units.  Sigma-t = 1000 (1 – density), where

density is in g/cm3.  If density is given in kg/m3, the corresponding Sigma-t = density – 1000.
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Figure 5. Temperature and salinity profiles measured near the New Entry site.  The

sigma-t profiles in the plot frame at the bottom of the figure were computed

from the temperature and salinity profiles.
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If the surface water is cooled 10 C, so its temperature is 9 C, its density is 23.237 sigma-t

units and it is buoyant when it exits the discharge ports.  The question is: will it still be

buoyant after it has mixed with the surrounding ambient fluid?  If so, the diluted cool

water plume will migrate to the surface, where it could impinge on the facility’s sea water

intake(s).

2.5 Tides

Tidal fluctuations were not considered in this study.  The variation in water depths due to

the approximately 1 m difference between highest and lowest astronomical tides (a 7%

variation of total depth) is not expected to significantly effect the results of this study.

2.6 Outfall Configuration for Initial Assessment

It is necessary to select a location of the outfall with respect to the gasification facility

and to select the details of the individual pipes of the outfall.  Under unstratified ambient

conditions, the cool water plume will sink to the sea floor and form a cool water layer

there.  Under stratified conditions, the cool water plume may rise or sink, possibly

forming a layer within the water column.  In order to take advantage of the dilution

capability of the site, it is best to place the outfall just above the sea floor and aim the

discharge ports upward.  A location near the sea floor is also best for the safety of vessels

operating in the area.

Aiming the discharge ports strongly upward is necessary to avoid a phenomenon called

Coanda attachment, wherein effluent plumes discharged near to solid boundaries attach

themselves to the boundaries.  The attachment occurs because effluent plumes try to

entrain ambient water into themselves.  The presence of a nearby solid boundary creates a

sort of vacuum between the plume and the boundary and the plume is sucked over to the

boundary.  To avoid this the ports should be aimed 45 to 90 degrees above horizontal.

Normally, one would try to aim the ports in the downcurrent direction
3
.  For the New

Entry location, however, no strong directional trend is evident (Figure 4).  The highest

probability is for the ambient current to flow westward.  Therefore an outfall location

west of the gasification facility is preferred.  If other considerations preclude a location to

the west, other directions would work just about as well.

The discharge ports should be aimed vertically upward to prevent effluent plumes being

blown back onto themselves by an adverse current.  For this analysis, the discharge ports

(the ends of the 58 inch pipes) were assumed to be located 1 m above the sea floor, aimed

vertically upward.

The pipe ends were arranged in a line running north-to-south and spaced at

approximately 5 pipe diameter intervals.  The actual interval used in the this analysis was

                                                          
3 Plumes from ports aimed towards the ambient current tend to be blown back to the port and thus reduce

the effective dilution achievable from the port.
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7.5 m (5 diameters x 58 inches/diameter = 5 x 1.47 m = 7.35 m = 7.5 m rounded).  This

arrangement, in effect, forms a 37.5 m long diffuser.

3 Modeling Procedure and Tools

3.1 Dilution of Waste Water Discharged to the Ocean

There are three sources of energy to drive the dilution of wastewater discharged to the

ocean: the initial momentum of the wastewater, the initial buoyancy (positive or

negative) of the wastewater, and the natural turbulent eddies of the ocean.  The initial

momentum is governed by the speed at which the wastewater exits the discharge

structure, whether it be a single open pipe or a multi-port diffuser.  The initial buoyancy

is governed by differences in concentrations of dissolved solids and temperature between

the wastewater and the receiving ocean water.  These differences lead to differences in

the densities of the wastewater and ambient sea water.  If the wastewater is denser than

the surrounding sea water, it sinks; if it is lighter than sea water, it rises.  The combined

influence of momentum and buoyancy drives the wastewater plume to move through the

ambient receiving water.  As the plume does so, it rapidly entrains the ambient water and

this creates strong mixing and results in rapid dilution.  When the momentum and

buoyancy of the plume are dissipated (because of mixing with the ambient receiving

water, possible interaction with ambient density gradients, and possible interaction with

the surface or sea floor) the only remaining energy for mixing comes from oceanic

turbulence.  At this point, dilution continues, but at a slower rate.

In many cases, the initial dilution of a wastewater plume can be effected by outfall design

that takes advantage of the initial buoyancy and is configured to provide the optimal

amount of initial momentum.  In the case of the New Entry cooling water outfall,

however, the very high discharge rate of cool water, reduces the effect that design

changes can have on dilution.  Design changes can have a noticeable effect only when the

volume flux of effluent is a small fraction of the volume flux of ambient water flowing by

the diffuser.  The ratio of the two volume fluxes can be estimated by dividing the effluent

volume flux by the product of the diffuser length, the water depth and the current speed.

For the 10 percentile current established in section 2.3, the ambient volume flux is 37.5 x

15.24 x 0.03 = 17.1 m
3
/s, and the flux ratio is 0.97.  The cool water volume flux is less

than the ambient volume flux.  For the 50 and 90 percentile speeds, the ratio is 0.30 and

0.13.  Near field instability and recirculation will occur in all cases.

In unstratified conditions, the combination of a cool water effluent that wants to sink, the

injection of the effluent upward into a relatively shallow water column, the large volume

flux of that effluent in comparison with the ambient volume flux will lead to instability,

recirculation and re-entrainment in the region near the outfall (Figure 6).  As illustrated

in the figure, the region surrounding the outfall will be subject to strong vertical fluid

motions and the cool water effluent will be mixed throughout the water column.  Much of

this mixing will involve the re-entrainment of previously discharged cool water and this

will reduce the effective dilution.  At some distance from the outfall, the water column
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will restratify and the cool water plume will form a layer on the sea floor.  This layer will

be exhibited as a large, persistent region of somewhat depressed temperatures.  The

modeling described below provides estimates of the cool water layers expected under

different ambient conditions.

current

Figure 6.  Unstable flow pattern for cool water effluent.

3.2 Approach

The situation described in the previous paragraph is very difficult for modeling.

Conventional integral plume models cannot represent the unstable flow expected to

develop for the cool water discharge.  The U.S. EPA’s CORMIX model handles the

unstable flow by encapsulating it in a control volume and estimating a bulk dilution

within that volume.  Outside the control volume, re-stratification and buoyant spreading

of the cool water layer (depicted in the right side of Figure 6) are modeled.

A two-phase approach to modeling was taken.  In the first phase, the OOC model (an

integral plume model) was used to calculate the initial behavior of the plume before the

onset of recirculation and instability.  The goal was to demonstrate the initial physical

dilution and general plume behavior in the very near field.

Secondly, CORMIX version 3.2 was used to model the cool water plume under selected

ambient conditions.  The six pipes discharging in a line, all oriented upward were

modeled as a diffuser using the CORMIX-2 module.  The output of the CORMIX system

provides numeric results describing gross plume behavior and some unsatisfactory plume

graphics.  The CORMIX results were interpreted to improve the presentation of modeling

results.  The CORMIX output describes the spreading of cool water layers on the sea

floor by providing, for each downcurrent distance, a bulk temperature and a plume half

width and thickness.  Lateral temperature distributions were estimated assuming the

temperature distribution transverse to the downcurrent direction had an elliptical

distribution.  The temperature distribution across the plume at each downcurrent distance

reported by CORMIX was thus calculated.  The calculated temperatures were collected

and passed through an inverse distance interpolation process
4
 to prepare a rectangular

grid showing water temperature on the sea floor as a function of down-current and cross-

current distance.  Contour plots were prepared from these distributions and are shown in

                                                          
4 Incorporated in a commercial technical graphics package called Tecplot (www.amtec.com).
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the results section.  Small irregularities in the contour plots are artifacts of the 50 m grid

used in preparing the contour plots and of the interpolation process.

3.3 Offshore Operators Committee Model

The OOC model was used to simulate the initial cool water plume behavior for a single

pipe (of six) in the near field.  The model was developed by Brandsma and Sauer (1983)

under sponsorship of the Offshore Operators’ Committee (OOC) and simulates the

unsteady, three-dimensional behavior of offshore effluent plumes discharged from a

single port outfall. The model has been continuously improved since its original release.

The present version is 2.5.6 (October, 2002).  The effluent may be drilling mud or

cuttings or produced water. The model predicts effluent concentration distributions in the

water column and the initial deposition distribution of particulates on the sea floor. The

model has been validated in laboratory (Policastro, 1983; Brandsma et al., 1992) and field

experiments (O’Reilly et al., 1989; Smith et al., 1994).  A complete re-validation, using

681 model runs, has been completed recently (Brandsma, in press).  The model has been

used by government and industry to estimate the likely behavior and fate of drilling mud,

cuttings, and produced water discharged in the marine environment.  A description of the

produced water aspects of the model can be found in Brandsma, et al. (1992).  A more

general mathematical description is in Brandsma and Smith (1999).

Appendix A provides additional information on the OOC model.

3.4 Cornell Mixing Zone Expert System (CORMIX)

The CORMIX system (Doneker and Jirka, 1990; Jirka et al, 1996) was used to analyze

the cool water plume assuming the six discharging pipes acted like a diffuser with a very

high discharge rate.  The CORMIX system and documentation is available through the

U.S. EPA’s Center for Exposure Assessment Modeling

(http://www.epa.gov/ceampubl/products.htm).  See Appendix B for an overview.

4 Results

To avoid cluttering up the text, figures for this section appear at the end of the report,

following the References section.

The plumes discharged from the upward directed pipes impinge on the water surface.

The distance from the mouth of the pipes is 14.2 m if the pipes are located 1 m above the

sea floor.  Immediately on impacting the surface, the plumes begin to sink toward the sea

floor.  Figures 7, 8 and 9 show the predicted behavior of the plume from a single port as

it moves downcurrent for current speeds of 0.03, 0.097 and 0.218 m/s (10, 50 and 90

percentile speeds).  These figures show the behavior in maximum stratification

conditions.  In the maximum stratification, the OOC model predicts plume trapping in the

water column.  The instabilities mentioned previously will, in fact, prevent such trapping

so that the plume returns to the sea floor.  In unstratified water the initial plume is the



Gulf Landing LLC Deepwater Port License Application

A-19Environmental Review October 2003

12

same until it impinges on the sea surface.  After that the plume plunges toward the sea

floor.  Please remember that these figures only apply in the first instances after the

beginning of the discharge, after which  instabilities and recirculation will reduce the

apparent dilution shown in the figures.

Figures 10, 11, and 12 show the sea floor distribution of temperature deficiency in

unstratified conditions for the 10, 50 and 90 percentile current speeds.  The temperature

deficiency, T , is the amount by which the temperature is decreased from its natural

ambient value due to the presence of the plume.  In Figure 10, a rather large area with

T = 2 C is shown surrounding the point of discharge when the current flows at the 10

percentile speed.  A T =1 C or more is exhibited out to a distance of 1.1 km.

The area subjected to T =1 C is significantly reduced when the current speed is

increased to the 50 percentile speed (Figure 11).  The volume flux of ambient water

flowing past the outfall has increased a bit more than threefold and this is reflected in the

reduced areas of temperature deficiency.

In Figure 12, the 90 percentile current speed leads to the T =1 C contour extending

past the 1600 m limit of the modeling study.  Note that the temperature deficiency scale

has changed to show the range of temperature deficiencies predicted.  The faster current

reduces transport time to downcurrent positions and allows less time for turbulent

dispersion and dilution.

Figures 13-15 show temperature deficiency distributions for maximum stratification

conditions.  The appearances of these figures are similar to those for unstratified

conditions except that the stratification mitigates the temperature deficiencies to some

degree.  This is attributed to the plumes being delayed in their return to the sea floor by

the stratification.

The cool water plume occupies the full water depth in the immediate vicinity of the

outfall.  Outside this area, the thicknesses of the cool water plumes range from 6 meters

down to about 1 meter.

Figure 16 shows curves relating sea floor area and minimum temperature deficiency.

The use of these curves can best be illustrated by an example.  Suppose we are interested

in the area for which the temperature deficiency at the sea floor is 1 C or more when the

current is flowing at the 10 percentile speed in unstratified conditions.  In the upper

frame, draw a horizontal line right from the 1 C value on the vertical axis until it

intersects the curve marked by squares.  From the intersection, draw a line vertically

downward to intersect the horizontal axis, where the value is 220 hectares (2.2 km
2
).  We

have just determined that 220 hectares are subjected to temperature deficiencies of 1 C or

more.  Figure 16 allows analysts to quicken connect temperature deficiencies to sea floor

areas.
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5 Discussion and Recommendations

The results presented in this report suggest that large areas of the sea floor will be

subjected to temperature changes of 1 or 2 C, especially at low current speeds.  Small

areas will be subject to temperature changes of as much as 7 C.  These temperature

changes will, of course, only occur during the times when the gasification facility

operates (amounting to 50% of the year).  We saw in the previous section that 220

hectares (2.2 km2) will be exposed to temperature decreases of 1 C or more.  The

significance of a given change of temperature on aquatic organisms will be left for others

to determine.  This report presents the necessary data.

It was mentioned that the volume flux of discharged cool water was a large or significant

fraction of the ambient water flux at all current speeds examined.  This means that the

behavior of the cool water plume will not be easily changed by changes in the outfall

design.  Consider Figure 10.  The 35.7 m long outfall consisting of 6 flowing pipe would

appear in the figure as a dot at coordinates (0,0).  The water depth of 15.2 m is

approximately comparable to the thickness of three of the sheets of pager Figure 10 is

printed on.  So the outfall effectively a point source of cool water in a very thin body of

water.  Adjusting the arrangement of the outfall by changing the orientation of pipes, or

changing the inter-pipe spacing to, say 10 m will change the shape of the point source,

but it will still be a point source.  For this reason, changes in current direction with

respect to the outfall are not expected to significantly change the study results.

The only sort of outfall design change that would have a significant effect in reducing the

magnitude of temperature deficiencies would be to attach a long diffuser (a true diffuser)

to each discharge pipe and arrange these to spread the cool water over a large area, say 2

– 3 km.  This would reduce the ratio of effluent flux to ambient flux to a low level and

provide a configuration more applicable to existing computer models.  Obviously, such a

diffuser would be expensive.  It may be that temperature deficiencies on the sea floor of

1 or 2 C or more are acceptable, in which case, such a diffuser arrangement would not be

needed.

The results reported here are not likely to change significantly if the location of the

outfall is changed such that small variations of water depth occur.

Two caveats are in order.  First, as mentioned above, computer models have a tough time

dealing with the discharge conditions described in this report.  Careful laboratory

experiments remain the best way to deal with such flows.  Second, every CORMIX

session report ends with these words:

“REMINDER:  The user must take note that HYDRODYNAMIC MODELING by

any known technique is NOT AN EXACT SCIENCE.  Extensive comparison with

field and laboratory data has shown that the CORMIX predictions on dilutions and

concentrations (with associated plume geometries) are reliable for the majority of

cases and are accurate to within about +-50% (standard deviation).  As a further

safeguard, CORMIX will not give predictions whenever it judges the design

configuration as highly complex and uncertain for prediction.”
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Figure 7. OOC model plume prediction for 10 percentile current speed and maximum

stratification.
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Figure 8. OOC model plume prediction for 50 percentile current speed and maximum

stratification.
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Figure 9. OOC model plume prediction for 90 percentile current speed and maximum

stratification.
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Figure 10. Sea water temperature deficiency distribution on sea floor for 10 percentile

current speed in unstratified conditions.
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Figure 11. Sea water temperature deficiency distribution on sea floor for 50 percentile

current speed in unstratified conditions..
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Figure 12. Sea water temperature deficiency distribution on sea floor for 90 percentile

current speed in unstratified conditions.  NOTE CHANGE OF SCALE

COMPARED TO FIGURES 10 AND 11.
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Figure 13. Sea water temperature deficiency distribution on sea floor for 10 percentile

current speed in conditions of maximum stratification.
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Figure 14. Sea water temperature deficiency distribution on sea floor for 50 percentile

current speed in conditions of maximum stratification.
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Figure 15. Sea water temperature deficiency distribution on sea floor for 90 percentile

current speed in conditions of maximum stratification.  NOTE CHANGE OF

SCALE COMPARED TO FIGURES 13 AND 14.
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Figure 16. Curves relating sea floor areas to absolute value of minimum temperature

deficiency.  Any point on any of the curves shows the sea floor area for

which the temperature deficiency is at least the indicated value.  The

temperature deficiency is the amount by which the water temperature at the

sea floor is decreased by the presence of the plume.
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Appendix A

Overview of Offshore Operators Committee Model

A.1 Introduction

The discharge model developed by Brandsma and Sauer (1983) under sponsorship of the Offshore

Operators’ Committee (OOC) simulates the unsteady, three dimensional behavior of offshore effluent

plumes discharged from a single port outfall. The model has been continuously improved since its original

release.  The effluent may be drilling mud or cuttings or produced water. The model predicts effluent

concentration distributions in the water column and the initial deposition distribution of particulates on the

sea floor. The model has been validated in laboratory (Policastro, 1983; Brandsma et al., 1992) and field

experiments (O’Reilly et al., 1989; Smith et al., 1994).  A complete re-validation, using 681 model runs,

has been completed recently (Brandsma and Smith, in preparation).  The model has been used by

government and industry to estimate the likely behavior and fate of drilling mud and cuttings discharged in

the marine environment.  The capability to simulate produced water discharges was added several years

ago and the model has been increasingly used for this purpose.  A mathematical description of the model

can be found in Brandsma et al. (1992) and in Brandsma and Smith(1999).

The OOC model simulates the behavior of an effluent plume from the time it leaves the discharge port to

some arbitrary later time and distance. A simulation proceeds in three phases: the initial dilution phase

where the effluent actively entrains ambient fluid and moves vertically to a level of neutral buoyancy (or

impinges on the sea surface or sea floor); a collapse phase where the effluent plume spreads at this level;

and a dispersive phase where particles move in response to local currents and their own characteristic

vertical velocity (downward for solids, upward for oil droplets). The combined initial dilution and collapse

phases are often referred to collectively as the “dynamic plume”. The dynamic plume is calculated first.

Then a complex mass bookkeeping process analyzes the dynamic plume to form the initial conditions for

the passive dispersion phase.  A LaGrangian (particle following) technique is used in the dispersive

calculation.  The mass bookkeeping process creates many (usually, several thousand) independent, three-

dimensional Gaussian distributed clouds from the dynamic plume.  These clouds move through the water

column according to the local ambient currents and grow according to the 4/3rds power law.  For most

discharges, material exists in the dynamic plume and passive dispersion calculations simultaneously.

The three calculation phases are implemented as separate modules in the program. The initial dilution is

calculated with an integral plume model that treats the plume from the time it leaves the discharge pipe

until is contacts a horizontal surface or reaches its level of neutral buoyancy.  This is the phase where the

effluent is swiftly diluted by the entrainment of ambient water.  The entrainment is driven by the vector

difference of the velocities of the effluent plume and momentum and buoyancy at the mouth of the

discharge pipe.  As the effluent plume entrains ambient sea water, its diameter grows and the

concentrations of constituents in the plume decrease rapidly.  The density of the plume will approach that

of sea water.  When there is a density gradient, the effluent and ambient densities may become equal.  The

point where this happens is termed the level of neutral buoyancy or the trap depth.  In the absence of a

density gradient there is no trap depth, and the plume will reach the surface if it is positively buoyant, or the

seabed if negatively buoyant.  The determination of when the plume impinges on the surface or seabed is a

geometric one.  The model deems the surface or sea floor to have been reached when the distance from the

plume centerline to the surface or sea floor becomes less than 78% of the plume radius.  The 78% allows

for some deformation of the plume at impingement.

Some of the effluent separates from the main part of the plume because of two mechanisms.  Particulates

having some vertical velocity (because their density differs from that of sea water) migrate up or down

from the main plume.  Ambient turbulence and turbulence created by the presence of the discharge pipe has

been observed to cause separation of a part of the effluent from the main plume, at least when the

densimetric Froude number of the discharge is less than 1.  There is a question, not yet resolved, whether or

not turbulent separation applies for discharges having Froude numbers significantly more than 1.  The
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densimetric Froude number is the ratio of plume momentum to buoyancy.  Small Froude numbers are the

result of large differences of effluent density from ambient density and low discharge rates. Large Froude

numbers arise from small density differences and high discharge rates.

After initial dilution, the effluent plume will spread out (collapse) at its trap depth or at the surface or

seabed if one of these was reached.  Collapse occurs only if there is a density gradient or if the plume

density when it reaches the surface or seabed is significantly different from that of the surrounding ambient

fluid.  The collapse phase is terminated when the plume’s spreading rate caused by density differences

becomes less than the spreading rate associated with ambient turbulent dispersion.

The dynamic and dispersive phases are coupled by a mass bookkeeping process that converts the mass flux

within the dynamic plume to discrete clouds in the dispersive phase.  The initial dynamics calculations are

saved at intervals forming a history of the dynamic plume.  Each interval is a potential source of clouds for

the dispersive phase.  Depending on the characteristics of the particulates and of the effluent plume, some

of the particulates will separate from the plume because of their differing density.  A small fraction of the

particulates and some of the effluent fluid may separate from the main body of the plume because of

turbulence near the discharge pipe.  In either case, the flux of these constituents from one interval to the

next may change.  The flux change of each constituent as it passes through the interval determines the

number and mass content of clouds created from that interval.  Any mass flux remaining at the end of the

dynamic plume also acts as a source of clouds.  Visualize the dynamic plume as a leaky pipe composed of

connected intervals, fixed in space, with a leak in each connection. The mass inflow to each interval and the

leakage rate of that interval determines the flow passed on to the next interval.  Each leak in the pipe is a

source of clouds to be passively dispersed. Clouds from any one interval always have the same initial

position in space, but different creation times.  Sizes of the created clouds are based on the plume

dimensions at the point they are created, together with the ambient current speed and the time interval

between clouds.  Once a cloud is created, it is free to be advected and dispersed by local ambient currents

and turbulence.  The mass distribution of each cloud is assumed to be Gaussian in three dimensions, a

mathematically convenient form.

The final computational phase is passive dispersion, applied separately to each constituent of the effluent.

The only remaining dynamic property is the vertical velocity associated with each of its particulate

constituents (e.g., solids or oil droplets).  Here, the effluent constituents are advected by ambient currents,

dispersed by ambient turbulence, and migrate vertically according to their vertical velocity.  Horizontal

dispersion of clouds is calculated using the 4/3 power law for oceanic dispersion (Fischer et al., 1979).

This law says that the horizontal dispersion coefficient is proportional to the horizontal length scale of the

dispersing substance, raised to the 4/3 power.  The dispersive phase calculations are organized around a

simulation grid consisting of a rectangular region with its principal axes parallel to the cardinal directions

of the compass (north-south, east-west).  The simulation grid is subdivided into contiguous, square cells.

Clouds are advected until they are fully deposited on the sea floor (if they are settling solids) or carried

outside the boundary of the simulation grid.  A single cloud of solid particles typically deposits its contents

in a band paralleling the current direction.

The concentrations of suspended particulates or of tracer or of the fluid portion of the effluent in the water

column at any point are calculated by summing the contributions from individual clouds using the

mathematical description for Gaussian clouds.  In practice, only the clouds near enough to the point to

make a significant contribution are used in the calculation.  The OOC model organizes points into

concentration profiles that lie on vertical lines extending from the water surface to the sea floor.

Concentration profiles can be placed anywhere in the simulation grid.

OOC model outputs are provided in plain text (ASCII) data files. so that results are portable between

machines.  These files can be read by post-processing programs to prepare tabular or graphical data

products.

OOC model output has been used to produce:

 suspended solids and tracer concentration distributions through arbitrary cross-sections of the water

column,
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 graphs of maximum concentration versus distance downcurrent,

 volume visualizations of iso-concentration surfaces,

 animations of effluent plumes in tidal currents,

 contour plots of solids deposited on the sea floor,

 graphs of deposition amounts versus sea floor area,

 graphs of maximum deposition as a function of distance,

 tables of specific contaminant concentrations as a function of distance.
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Appendix B

CORMIX Model Overview

The Cornell Mixing Zone Expert System (CORMIX) is a software system (Doneker and Jirka, 1990; Jirka

et al., 1996) for the analysis, prediction and design of aqueous toxic or conventional pollutant discharges

into diverse water bodies.  It was developed under several cooperative funding agreements between Cornell

University and the U.S. Environmental Protection Agency

The CORMIX system uses a rule-based expert system approach to data input and processing.  The

CORMIX system leads the user through a dialog, giving guidance as needed, while the user specifies the

problem to be analyzed.  CORMIX consists of three subsystems:

CORMIX1: analysis of submerged single port discharges

CORMIX2:  analysis of submerged multi-port discharges (diffusers)

CORMIX3:  analysis of buoyant surface discharges (from a canal)

The basic CORMIX methodology relies on the assumption of steady ambient conditions.  However, recent

versions also contain special routines for application to highly unsteady environments, such as tidal reversal

conditions, in which transient recirculation and pollutant build-up effects can occur.

The system’s major emphasis is on the initial mixing zone, but it also predicts for larger distances.  The

system is intended for use in complying with water quality regulatory constraints.  CORMIX is presently

used by the U.S. EPA for setting allowable effluent concentrations, including Gulf of Mexico produced

water discharges.

CORMIX divides the problem domain into a series of subregions.  Any single dilution problem will

involve the linkage of several of these subregions to form a complete solution for the problem.  The choice

of sub-regions is by a decision tree whose branches depend on critical values of several non-dimensional

parameters.  A non-dimensional parameter is a grouping of dimensional values (e.g., discharge rate, current

speed, water depth, etc) where the grouping is such that the grouping is dimensionless.  Dimensionless

groupings commonly used in plume modeling include the Reynolds number, the densimetric Froude

number and the stratification parameter.  CORMIX uses many others.  In many cases the critical values

apply to asymptotic solutions the problems handled by the various subregions.  In general the equations

solved in each sub-region are simplified.

Indeed, CORMIX simplifies its task by restricting inputs to ideal cases:  constant water depth, constant

current speed and direction, continuous discharges, etc.  CORMIX allows inputs for the following:

 Bounded channels: rivers, estuaries

 Unbounded channels: ocean, lakes

 Uniform current

 Three types to ambient density profiles

 Effluent is fluid only (no particles)

 Buoyant (positive, negative or neutral)

CORMIX relies on the existence of a mixing zone.  A mixing zone is defined as a area or volume where

numeric water quality criteria can be exceeded as long as acutely toxic conditions are prevented.  A mixing

zone can be thought of as a limited area or volume where the initial dilution of a discharge occurs.  Water

quality criteria apply at the boundary of the mixing zone, not within the mixing zone itself (course notes,

EPA Mixing Model Workshop, 1998).

CORMIX uses a flow classification system to guide its calculations.  Dimensional parameters related to the

problem are input by the user (e.g.: ambient current speed, discharge flow rate or exit velocity, orifice

diameter, water depth, ambient density, discharge density, etc).  From these, a series of length scales are

calculated.  Typical length scales are:  jet-to-plume transition, jet/crossflow transition, plume/crossflow

transition, jet/stratification transition, plume/stratification.  The non-dimensional ratios of these length

scales are used to classify the mixing problem into one of 35 flow classes (for CORMIX1, single port

outfalls).  The flow class is the basis for choosing appropriate computational modules for the problem at
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hand.  Recent versions of the CORMIX system replaced some flow classes and modules with CORJET, an

integral buoyant jet model (Jirka and Fong, 1981).

References for Appendix B

Doneker, R.L. and Jirka, G. H.  1990.  Expert System for Hydrodynamic Mixing Zone Analysis of

Conventional and Toxic Submerged Single Port Discharges (CORMIX).  Report EPA/600/3-

90/012.  Environmental Research Laboratory.  U.S. Environmental Protection Agency.  Athens,

Georgia.  (NTIS accession number is PB90-187196).

Jirka, G.H., Doneker, R.L., and Hinton, S.W.  1996.  Users manual for CORMIX: a hydrodynamic mixing

zone model and decision support system for pollutant discharges into surface waters.  Report

under cooperative agreement CX824847-01-0.  Office of Science and Technology.  U.S.

Environmental Protection Agency.  Washington, D.C.

Jirka, G.H.  and Fong, H.L.M.  1981.  Vortex dynamics and bifurcation of buoyant jets in crossflow.  J.

Engineering Mechanics.  ASCE.  Vol 107.  pp479-499.
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Executive Summary

The New Entry LNG gasification facility is planned for the West Cameron 182 Block

offshore Louisiana.  The water depth at this location is about 15.2 m (50 ft).  The cool

water plumes produced by the facility were analyzed under the expected range of ambient

conditions.  The Offshore Operators Committee discharge model and the U.S. EPA’s

CORMIX model were used for this analysis.

Ambient conditions used in the analysis were set based on currents and hydrographic

conditions measured in the nearby region.  No in situ measurements were available.

Current speeds exceeded 90, 50 and 10% of the time were estimated to be 0.03, 0.097 and

0.218 m/s, respectively.  Hydrographic measurements indicated that ambient density

gradients ranged from 0.0 kg/m
3
/m (unstratified) about 0.2 kg/m

3
/m (strongly stratified).

The strong stratification was due almost entirely to the formation of a halocline, little

temperature variation was observed in individual temperature profiles.

The water discharge will have a temperature of 5.6 C below ambient temperature and the

discharge rate will be 16.6 m
3
/s.  The arrangement for discharging this cool water from

the LNG facility consists of seven 58-inch diameter pipes, six of which will be running

whenever the facility is operating.  The mouths of the discharge pipes were assumed to

form a de facto diffuser outfall.  They were arranged in a north-south line, spaced 7.5

meters apart and located 1 m above the sea floor, aimed vertically upward.  As mentioned

in the report, the ratio of the cool water volume flux to the volume flux of ambient water

flowing past the outfall ranges from about 1.0 to about 0.13.  These ratios are very large

and lead to unstable flow conditions at the outfall.  The consequence is that turbulence

will cause the cool water effluent plume to occupy the full water depth near the outfall.

As the distance from the outfall increases, the water column will restratify and a cool

water layer from 1 to 6 meters thick will occupy large areas of the sea floor.  Because of

this, the predicted cool water plumes are not likely to change significantly as a result of

adjustments to the design or position of the outfall.

The greatest temperature deficiencies (temperatures less than ambient temperature), T ,

will exist at the outfall, up to 5.6 C.  Temperatures 100 m downcurrent from the outfall

are predicted to be 2.6 C or less.  As the distance from the outfall increases, the

temperature deficiency will decline steadily.  Temperatures at a distance of 1600 m

downcurrent are expected to be 0.8 C or less.  The behavior of the cool water plume is

predicted to depend on the hydrographic conditions.  In unstratified conditions a cool

water layer will form at the sea floor.  In conditions of maximum stratification, the cool

water layer will form at the sea surface.  This interesting behavior is a result of

stratification arising almost entirely from salinity gradients.  The sea water intake draws

water from the surface the lower salinity of this water makes it buoyant even if it is

somewhat cooler than the surrounding water. The sea floor areas occupied by cool water

plumes in unstratified conditions depend strongly on the current speed.  In unstratified

conditions, areas predicted to be exposed to T = 1 C or more range from 0.25 to 45

hectares.  In conditions of maximum stratification, the plume is at the surface, where the

range of areas seeing T = 1 C is to 0.25 to 33 hectares.
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At a distance of 500 m from the outfall cool water plumes in unstratified conditions will

exist as layers on the sea floor, measuring 3.3m or less in thickness.  In conditions of

maximum stratification, the surface layers at 500 m distance will measure 5.5 m or less in

thickness.

The report concludes with a caveat that computer models are approximate, especially for

conditions postulated for the New Entry outfall.  Careful laboratory experiments remain

the best way to predict plume behavior under such conditions.
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1 Introduction

The New Entry facility to gasify liquified natural gas (LNG) offshore Louisiana is in the

preliminary design stage.  The thermal energy to gasify the LNG is to be extracted from

ambient sea water.  The by-product of this process will be cooled sea water that is to be

discharged from the facility.  The volume flux of sea water will be quite large,

approximately 63 mgd.  The discharged sea water is expected to be 5.6 C (10 F) cooler

than the ambient sea water.  The cool water discharges are expected to occur at regular

intervals throughout the year, with discharges occurring 50% of the time.

This report provides an assessment, based on computer modeling, of the nature and

extent of the cool water plumes expected when the gasification facility is operating.  The

following subjects are covered:

 description of the data used for modeling, consisting of the discharge and ambient

conditions

 description of the modeling methods

 presentation of the results

 conclusion and recommendation.

2 Modeling Data

Modeling data was obtained from e-mail messages and attachments sent by Continental

Shelf Associates, Inc.

2.1 Cool Water Plume

The gasification facility is expected to employ seven pumped sea water circulation

systems, of which six will be in operation when the plant is operating at full capacity.

The pumps will circulate sea water through 58 inch (ID) (1.4735 m) pipelines.  The

cooled sea water is to be discharged at a distance of 2400 ft (732 m) from the facility.

The arrangement of the collection of discharge pipes will be termed the “outfall” in the

rest of this report.  The facility will operate 50 percent of the time, with a duty cycle of

approximately 3 days of operation 24 hours/day, followed by 3 days off.

When the facility is operating, each sea water line will flow 2,640,000 gal/hour

(2.776 m
3
/s).  The combined flow of six lines will be 63.36 mgd (16.66 m

3
/s).  The

temperature of the water discharged from the outfall is expected to be 10 F (5.6 F) cooler

than the ambient sea water.  The outfall will discharge the cooled water near the sea floor.

The preliminary outfall configuration will be established in section 2.6.
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2.2 Bathymetry

The preliminary location of the facility is in the West Cameron Block 182.  The water

depth is approximately 50 ft (15.2 m) and relatively flat, owing to its location on the

continental shelf.

2.3 Currents

No current measurements are available in situ.  However, data from a study, LATEX,

sponsored by the U.S. Minerals Management Service is available at a location near New

Entry (Shell, Preliminary Oceanographic Criteria document).  Site 20 of the LATEX

study lies about 35 nautical miles west of New Entry.  Owing to the similarity of water

depth, distance offshore and coastal configuration, the Site 20 data are considered to be

representative of conditions at New Entry.

Measurements were taken at depths of 3 and 12 m in water 14 m deep.  The upper meter

was deployed from 5/31/92 to 11/30/94.  The lower meter was deployed from 4/13/92 to

11/30/94.  Despite periods of missing data, the quantity of data provided allowed for

calculation of reliable statistics.

Modeling reported in this document is based on the Site 20 data.  The marginal

distributions from the joint distribution tables for current speed and direction reported in

Shell’s “Preliminary Oceanographic Criteria” document were used to prepare plots of

current speed vs. probability of exceedance (Figure 1) and of current direction vs.

probability
1
 (Figure 2).  The curves show the statistics for the individual periods of good

data records.  There is considerable variation exhibited in these figures, making the

selection of representative current conditions difficult.

An estimate of the cumulative marginal distributions of current speed and direction for

the entire measurement period was undertaken.  The joint distribution tables for currents,

contained in the “Preliminary Oceanographic Criteria” document give the percentage of

the sample times that each speed and direction band in the tables occurred.  The number

of days in each measurement period was reported.  Therefore the number of , say, hourly

measurements that fall within a certain band of speed or direction for a single

measurement period can be computed as the product of the number of days in the period,

the percentage of measurements in the band and the number of hours in a day.  This

calculation was made for the marginal distributions of speed and direction in each joint

distribution table.  The measurement counts thus obtained were summed for each speed

and direction band in the marginal distributions, divided by the total number of

measurement counts and multiplied by 100%.  The results were cumulative distributions

of current speed (Figure 3) and current direction (Figure 4).

                                                          
1 In oceanographic usage, current direction is the direction the current flows toward.



Gulf Landing LLC Deepwater Port License Application

A-45Environmental Review October 2003

3

Speed (cm/s)

P
ro

b
a

b
il
it
y

o
f

E
x
c
e

e
d

a
n

c
e

0 10 20 30 40 50 60 70 80
0

10

20

30

40

50

60

70

80

90

100 Top, 30May92-22Jun92

Top, 20Jul92-11Aug92

Top, 6Sep92-8Sep92

Top, 6Nov92-10Dec92

Top, 11Dec92-16Jan93

Top, 16Jan93-16Mar93

Top, 17Mar93-16May93

Top, 28May93-30Jun93

Top, 15Jul93-22Sep93

Top, 22Sep93-4Dec93

Top, 13Dec93-12Feb94

Top, 1Aug94-3Oct94

Top, 3Oct94-30Nov94

Speed (cm/s)

P
ro

b
a

b
il
it
y

o
f

E
x
c
e

e
d

a
n

c
e

0 10 20 30 40 50 60 70 80
0

10

20

30

40

50

60

70

80

90

100 Bot, 12Apr92-30May92

Bot, 30May92-19Jul92

Bot, 19Jul92-6Sep92

Bot, 6Sep92-18Oct92

Bot, 23Oct92-11Dec92

Bot, 17Mar93-28May93

Bot, 22Sep93-4Dec93

Bot, 13Dec93-12Feb94

Bot, 16Feb94-31Mar94

Bot, 15Apr94-31May94

Bot, 31May94-1Aug94

Bot, 1Aug94-3Oct94

Bot, 3Oct94-30Nov94

Figure 1. Current speed vs. probability curves for individual measurement periods.

The upper frame represents measurements 3 m below the surface.  The lower

frame represents measurements 12 m below the surface (2 m above the sea

floor).
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Figure 2. Current direction vs. probability curves for individual measurement periods.

The upper frame represents measurements 3 m below the surface.  The lower

frame represents measurements 12 m below the surface (2 m above the sea

floor).
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Examination of Figures 1 and 3 shows a considerable difference in speeds between the

upper and lower meters.  Owing to the outfall discharging cool water near the sea floor,

currents from the lower meter were used for modeling.

Usual practice for picking current speeds to use for modeling effluent discharge is to use

the speeds exceeded 10%, 50% and 90% of the time.  The speed exceeded 90% of the

time is the 10 percentile speed.  Consulting the “Bot, All Data” curve in Figure 3, this

speed is 3.0 cm/s.  Using the same curve, the speed exceeded 50% of the time (the

median or 50 percentile speed) is 9.7 cm/s.  The speed exceeded 10% of the time (the 90

percentile speed) is 21.8 cm/s.

Examination of Figure 4 shows that there is not a lot of variation of direction probability

for the currents measured at the lower meter (in contrast to the upper meter, for which a

tendency to westward flow is evident).  There is a small tendency of the bottom currents

to flow towards the west.

2.4 Hydrography

Ambient salinity and temperature profiles can have an effect on effluent plumes.

Changes in salinity and temperature with depth can create density gradients within the

water column.  The interaction of ambient density gradients with effluent density

influences the vertical motion of effluent plumes.

Texas A&M University has sponsored oceanographic cruises that measured hydrographic

profiles near the New Entry site.  Data from cruises 92G04 and 92G10 was plotted

(Figure 5).  The bottom frame of Figure 5 shows the density
2
 profiles corresponding to

the measured temperatures and salinities.  The bottom frame exhibits both unstratified

and strongly stratified conditions.  Stratification is expressed as dyd t / , which ranges

from 0.0 for unstratified conditions to about 0.2 for the maximum stratification.

The ambient water density for the unstratified case was taken to be t =20 (based on

Station 10, Cruise 92G10).

As shown in Figure 5, most density variations were due to salinity variations, so a

composite of the two greatest salinity gradients were used to establish conditions for

maximum stratification conditions.  The composite maximum salinity gradient was

approximately 0.25ppt/m.  This has implications for operation of the gasification facility.

Assume that water for the gasification plant intakes comes from the surface water, and

assume a surface salinity of 30 ppt.  With the maximum gradient, the salinity at the sea

floor (15.24 m below the surface) will be 33.81 ppt.  In the absence of cooling, the

discharged water will be buoyant and try to rise to the surface.  Assume a water

temperature that is the average of observed temperatures at stations 1-4 of cruise 92G04,

                                                          
2 Oceanographers express sea water density in Sigma-t ( t ) units.  Sigma-t = 1000 (1 – density), where

density is in g/cm3.  If density is given in kg/m3, the corresponding Sigma-t = density – 1000.
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19 C.  The calculated sea water densities at the surface and bottom are then 21.236 and

24.136 (in sigma-t units).
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Figure 5. Temperature and salinity profiles measured near the New Entry site.  The

sigma-t profiles in the plot frame at the bottom of the figure were computed

from the temperature and salinity profiles.
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If the surface water is cooled 5.6 C, so its temperature is 13.4 C, its density is 22.477

sigma-t units and it is buoyant when it exits the discharge ports.  The question is: will it

still be buoyant after it has mixed with the surrounding ambient fluid?  If so, the diluted

cool water plume will migrate to the surface, where it could impinge on the facility’s sea

water intake(s).

2.5 Tides

Tidal fluctuations were not considered in this study.  The variation in water depths due to

the approximately 1 m difference between highest and lowest astronomical tides (a 7%

variation of total depth) is not expected to significantly effect the results of this study.

2.6 Outfall Configuration for Initial Assessment

It is necessary to select a location of the outfall with respect to the gasification facility

and to select the details of the individual pipes of the outfall.  Under unstratified ambient

conditions, the cool water plume will sink to the sea floor and form a cool water layer

there.  Under stratified conditions, the cool water plume may rise or sink, possibly

forming a layer within the water column.  In order to take advantage of the dilution

capability of the site, it is best to place the outfall just above the sea floor and aim the

discharge ports upward.  A location near the sea floor is also best for the safety of vessels

operating in the area.

Aiming the discharge ports strongly upward is necessary to avoid a phenomenon called

Coanda attachment, wherein effluent plumes discharged near to solid boundaries attach

themselves to the boundaries.  The attachment occurs because effluent plumes try to

entrain ambient water into themselves.  The presence of a nearby solid boundary creates a

sort of vacuum between the plume and the boundary and the plume is sucked over to the

boundary.  To avoid this the ports should be aimed 45 to 90 degrees above horizontal.

Normally, one would try to aim the ports in the downcurrent direction
3
.  For the New

Entry location, however, no strong directional trend is evident for currents near the sea

floor (Figure 4).  The highest probability is for the ambient current to flow westward.

Therefore an outfall location west of the gasification facility is preferred.  If other

considerations preclude a location to the west, other directions would work just about as

well.

The discharge ports should be aimed vertically upward to prevent effluent plumes being

blown back onto themselves by an adverse current.  For this analysis, the discharge ports

(the ends of the 58 inch pipes) were assumed to be located 1 m above the sea floor, aimed

vertically upward.

The pipe ends were arranged in a line running north-to-south and spaced at

approximately 5 pipe diameter intervals.  The actual interval used in the this analysis was

                                                          
3 Plumes from ports aimed towards the ambient current tend to be blown back to the port and thus reduce

the effective dilution achievable from the port.
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7.5 m (5 diameters x 58 inches/diameter = 5 x 1.47 m = 7.35 m = 7.5 m rounded).  This

arrangement, in effect, forms a 37.5 m long diffuser.

3 Modeling Procedure and Tools

3.1 Dilution of Waste Water Discharged to the Ocean

There are three sources of energy to drive the dilution of wastewater discharged to the

ocean: the initial momentum of the wastewater, the initial buoyancy (positive or

negative) of the wastewater, and the natural turbulent eddies of the ocean.  The initial

momentum is governed by the speed at which the wastewater exits the discharge

structure, whether it be a single open pipe or a multi-port diffuser.  The initial buoyancy

is governed by differences in concentrations of dissolved solids and temperature between

the wastewater and the receiving ocean water.  These differences lead to differences in

the densities of the wastewater and ambient sea water.  If the wastewater is denser than

the surrounding sea water, it sinks; if it is lighter than sea water, it rises.  The combined

influence of momentum and buoyancy drives the wastewater plume to move through the

ambient receiving water.  As the plume does so, it rapidly entrains the ambient water and

this creates strong mixing and results in rapid dilution.  When the momentum and

buoyancy of the plume are dissipated (because of mixing with the ambient receiving

water, possible interaction with ambient density gradients, and possible interaction with

the surface or sea floor) the only remaining energy for mixing comes from oceanic

turbulence.  At this point, dilution continues, but at a slower rate.

In many cases, the initial dilution of a wastewater plume can be effected by outfall design

that takes advantage of the initial buoyancy and is configured to provide the optimal

amount of initial momentum.  In the case of the New Entry cooling water outfall,

however, the very high discharge rate of cool water, reduces the effect that design

changes can have on dilution.  Design changes can have a noticeable effect only when the

volume flux of effluent is a small fraction of the volume flux of ambient water flowing by

the diffuser.  The ratio of the two volume fluxes can be estimated by dividing the effluent

volume flux by the product of the diffuser length, the water depth and the current speed.

For the 10 percentile current established in section 2.3, the ambient volume flux is 37.5 x

15.24 x 0.03 = 17.1 m
3
/s, and the flux ratio is 0.97.  The cool water volume flux is less

than the ambient volume flux.  For the 50 and 90 percentile speeds, the ratio is 0.30 and

0.13.  Near field instability and recirculation will occur in all cases.

In unstratified conditions, the combination of a cool water effluent that wants to sink, the

injection of the effluent upward into a relatively shallow water column, the large volume

flux of that effluent in comparison with the ambient volume flux will lead to instability,

recirculation and re-entrainment in the region near the outfall (Figure 6).  As illustrated

in the figure, the region surrounding the outfall will be subject to strong vertical fluid

motions and the cool water effluent will be mixed throughout the water column.  Much of

this mixing will involve the re-entrainment of previously discharged cool water and this

will reduce the effective dilution.  At some distance from the outfall, the water column
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will restratify and the cool water plume will form a layer on the sea floor.  This layer will

be exhibited as a large, persistent region of somewhat depressed temperatures.  The

modeling described below provides estimates of the cool water layers expected under

different ambient conditions.

current

Figure 6.  Unstable flow pattern for cool water effluent.

3.2 Approach

The situation described in the previous paragraph is very difficult for modeling.

Conventional integral plume models cannot represent the unstable flow expected to

develop for the cool water discharge.  The U.S. EPA’s CORMIX model handles the

unstable flow by encapsulating it in a control volume and estimating a bulk dilution

within that volume.  Outside the control volume, re-stratification and buoyant spreading

of the cool water layer (depicted in the right side of Figure 6) are modeled.

A two-phase approach to modeling was taken.  In the first phase, the OOC model (an

integral plume model) was used to calculate the initial behavior of the plume before the

onset of recirculation and instability.  The goal was to demonstrate the initial physical

dilution and general plume behavior in the very near field.

Secondly, CORMIX version 3.2 was used to model the cool water plume under selected

ambient conditions.  The six pipes discharging in a line, all oriented upward were

modeled as a diffuser using the CORMIX-2 module.  The output of the CORMIX system

provides numeric results describing gross plume behavior and some unsatisfactory plume

graphics.  The CORMIX results were interpreted to improve the presentation of modeling

results.  The CORMIX output describes the spreading of cool water layers on the sea

floor by providing, for each downcurrent distance, a bulk temperature and a plume half

width and thickness.  Lateral temperature distributions were estimated assuming the

temperature distribution transverse to the downcurrent direction had an elliptical

distribution.  The temperature distribution across the plume at each downcurrent distance

reported by CORMIX was thus calculated.  The calculated temperatures were collected

and passed through an inverse distance interpolation process
4
 to prepare a rectangular

grid showing water temperature on the sea floor as a function of down-current and cross-

current distance.  Contour plots were prepared from these distributions and are shown in

                                                          
4 Incorporated in a commercial technical graphics package called Tecplot (www.amtec.com).
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the results section.  Small irregularities in the contour plots are artifacts of the 50 m grid

used in preparing the contour plots and of the interpolation process.

3.3 Offshore Operators Committee Model

The OOC model was used to simulate the initial cool water plume behavior for a single

pipe (of six) in the near field.  The model was developed by Brandsma and Sauer (1983)

under sponsorship of the Offshore Operators’ Committee (OOC) and simulates the

unsteady, three-dimensional behavior of offshore effluent plumes discharged from a

single port outfall. The model has been continuously improved since its original release.

The present version is 2.5.6 (October, 2002).  The effluent may be drilling mud or

cuttings or produced water. The model predicts effluent concentration distributions in the

water column and the initial deposition distribution of particulates on the sea floor. The

model has been validated in laboratory (Policastro, 1983; Brandsma et al., 1992) and field

experiments (O’Reilly et al., 1989; Smith et al., 1994).  A complete re-validation, using

681 model runs, has been completed recently (Brandsma, in press).  The model has been

used by government and industry to estimate the likely behavior and fate of drilling mud,

cuttings, and produced water discharged in the marine environment.  A description of the

produced water aspects of the model can be found in Brandsma, et al. (1992).  A more

general mathematical description is in Brandsma and Smith (1999).

Appendix A provides additional information on the OOC model.

3.4 Cornell Mixing Zone Expert System (CORMIX)

The CORMIX system (Doneker and Jirka, 1990; Jirka et al, 1996) was used to analyze

the cool water plume assuming the six discharging pipes acted like a diffuser with a very

high discharge rate.  The CORMIX system and documentation is available through the

U.S. EPA’s Center for Exposure Assessment Modeling

(http://www.epa.gov/ceampubl/products.htm).  See Appendix B for an overview.

4 Results

To avoid cluttering up the text, figures for this section appear at the end of the report,

following the References section.

The plumes discharged from the upward directed pipes impinge on the water surface.

The distance from the mouth of the pipes is 14.2 m if the pipes are located 1 m above the

sea floor.  Figures 7, 8 and 9 show the predicted behavior of the plume from a single

port as it moves downcurrent for current speeds of 0.03, 0.097 and 0.218 m/s (10, 50 and

90 percentile speeds).  These figures show the behavior in maximum stratification

conditions.  In the maximum stratification, the OOC model predicts plume trapping in the

water column.  In fact, the plume is predicted to remain at the surface in currents flowing

at the 10 and 50 percentile speeds.  At the 90 percentile speed the plume is predicted to

be trapped in the upper water column.  In unstratified water the initial plume is the same
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until it impinges on the sea surface.  After that the plume plunges toward the sea floor.

Please remember that these figures only apply in the first instances after the beginning of

the discharge, after which  instabilities and recirculation will reduce the apparent dilution

shown in the figures.

Figures 10, 11, and 12 show the sea floor distribution of temperature deficiency in

unstratified conditions for the 10, 50 and 90 percentile current speeds.  The temperature

deficiency, T , is the amount by which the temperature is decreased from its natural

ambient value due to the presence of the plume.  In Figure 10, a rather large area with

T = 1.5 C is shown surrounding the point of discharge when the current flows at the 10

percentile speed.  A T =1 C or more is exhibited out to a distance of about 230 m.

The area subjected to T =1 C is eliminated when the current speed is increased to the

50 percentile speed (Figure 11).  The volume flux of ambient water flowing past the

outfall has increased a bit more than threefold and this is reflected in the reduced areas of

temperature deficiency.

In Figure 12, the 90 percentile current speed leads to the T =1 C contour extending

1100 m.  Note that the temperature deficiency scale has changed.  The faster current

reduces transport time to downcurrent positions and allows less time for turbulent

dispersion and dilution.

Figures 13, 14 and 15 show temperature deficiency distributions for maximum

stratification conditions.  The appearances of these figures are similar to those for

unstratified conditions, except that the plumes form layers at the sea surface.  This is a

dramatic change of plume behavior caused by the stratification.  The cool water layers

form at the surface in conditions of maximum stratification because the temperature

deficiencies do not increase the plume density enough to overcome its lower salinity

value (caused by being taken from the surface water).

Figure 16 provides side views of the cool water layer boundaries.  The upper frame

shows layers forming on the sea floor (measure up from 0 m) in unstratified conditions.

The lower frame shows layers forming at the sea surface (measure down from the surface

at 15.24 m) in conditions of maximum stratification.  Upstream intrusion of cool water

layers is evident at the 10 percentile current speed.  As the plumes move downcurrent,

they tend to persist in a relatively constant layer.  This figure demonstrates that

recirculation of the cool water plume to the intake is possible when the water column is

stratified.

Figure 17 shows curves relating horizontal area and minimum temperature deficiency.

The upper frame shows layer areas on the sea floor in unstratified conditions.  The lower

frame shows sea surface areas in maximum stratification.  The use of these curves can

best be illustrated by an example.  Suppose we are interested in the area for which the

temperature deficiency at the sea floor is 1 C or more when the current is flowing at the

10 percentile speed in unstratified conditions.  In the upper frame, draw a horizontal line

right from the 1 C value on the vertical axis until it intersects the curve marked by
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squares.  From the intersection, draw a line vertically downward to intersect the

horizontal axis, where the value is about 45 hectares (0.045 km
2
).  We have just

determined that 45 hectares are subjected to temperature deficiencies of 1 C or more.

Figure 17 allows analysts to quicken connect temperature deficiencies to horizontal

areas.

Figure 18 shows curves of temperature deficiency as a function of distance downcurrent.

Increasing current speeds reduce and then eliminate the upstream intrusion of the cool

water plume.  This figure also illustrates the effect of the control volumes used to analyze

the plumes at the 10 and 50 percentile current speeds, reducing the maximum temperature

deficiency from the true value at distance zero.  At the 90 percentile speed, a control

volume is not needed because the CORJET integral plume model contained on the

CORMIX system can be employed.

5 Discussion and Recommendations

The most important result in this report is the demonstration that changing hydrographic

profiles can lead to changes in stratification that may send the cool water plume from the

outfall to the sea floor, or to the surface.  If the plume surfaces when the ambient current

flows from the outfall to the intake, recirculation will result.  The vertical position of the

plume will vary depending on ambient conditions.  Clearly, it would be advantageous to

be able to guarantee that the cool water plume would form a layer on the sea floor.  It

may be possible to achieve this if the flow rate were reduced so that the temperature

deficiency was increased significantly.  Reducing the flow rate would improve the ratio

of effluent volume flux to ambient volume flux.  A reduced flow, however, could allow

marine organisms to move into the outfall pipes and cause biofouling.

The results presented in this report suggest that areas of the sea floor will be subjected to

temperature changes of 1 to 2 C, especially at low current speeds.  These temperature

changes will, of course, only occur during the times when the gasification facility

operates (amounting to 50% of the year).  We saw in the previous section that 45 hectares

will be exposed to temperature decreases of 1 C or more.  The significance of a given

change of temperature on benthic organisms will be left for others to determine.  This

report presents the necessary data.

In the event that the discharge conditions can be modified to keep the cool water plume

on the sea floor, the layer thickness results suggest that the sea water discharge lines

could be shortened significantly, to about 500 m (1640 ft) from the gasification facility.

It was mentioned that the volume flux of discharged cool water was a large or significant

fraction of the ambient water flux at all current speeds examined.  This means that the

behavior of the cool water plume will not be easily changed by changes in the outfall

design.  Consider Figure 10.  The 35.7 m long outfall consisting of 6 flowing pipes

would appear in the figure as a dot at coordinates (0,0).  The water depth of 15.2 m is

approximately comparable to the thickness of three of the sheets of paper Figure 10 is

printed on.  So the outfall is effectively a point source of cool water in a very thin body of
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water.  Adjusting the arrangement of the outfall by changing the orientation of pipes, or

changing the inter-pipe spacing to, say 10 m will change the shape of the point source,

but it will still be a point source.  For this reason, changes in current direction with

respect to the outfall are not expected to significantly change results in the far field.

The only sort of outfall design change that would have a significant effect in reducing the

magnitude of temperature deficiencies would be to attach a diffuser (a true diffuser) to

each discharge pipe and arrange these to spread the cool water over a large area, say 400-

500 m.  This would lower the ratio of effluent flux to ambient flux and provide a

configuration more applicable to existing computer models.  Obviously, such a diffuser

would be expensive.  It may be that temperature deficiencies on the sea floor of  1 to 2 C

or more are acceptable, in which case, such a diffuser arrangement would not be needed.

The results reported here are not likely to change significantly if the location of the

outfall is changed such that small variations of water depth occur.

Two caveats are in order.  First, as mentioned above, computer models have a tough time

dealing with the discharge conditions described in this report.  Careful laboratory

experiments remain the best way to deal with such flows.  Second, every CORMIX

session report ends with these words:

“REMINDER:  The user must take note that HYDRODYNAMIC MODELING by

any known technique is NOT AN EXACT SCIENCE.  Extensive comparison with

field and laboratory data has shown that the CORMIX predictions on dilutions and

concentrations (with associated plume geometries) are reliable for the majority of

cases and are accurate to within about +-50% (standard deviation).  As a further

safeguard, CORMIX will not give predictions whenever it judges the design

configuration as highly complex and uncertain for prediction.”
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Figure 7. OOC model plume prediction for 10 percentile current speed and maximum

stratification.
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Figure 8. OOC model plume prediction for 50 percentile current speed and maximum

stratification.
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Figure 10. Sea water temperature deficiency distribution on sea floor for 10 percentile

current speed in unstratified conditions.
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Figure 11. Sea water temperature deficiency distribution on sea floor for 50 percentile

current speed in unstratified conditions..



Deepwater Port License Application Gulf Landing LLC

A-62October 2003 Environmental Review

20

X(m)

Y
(m

)

-500 0 500 1000 1500 2000 2500 3000

-2000

-1500

-1000

-500

0

500

1000

1500

2000

7

6

5

4

3

2.25

2

1.75

1.5

1.25

1

0.75

0.5

0.25

U
a

= 0.218 m/s (90 percentile speed), unstratified

Temperature Deficiency ( C)

Figure 12. Sea water temperature deficiency distribution on sea floor for 90 percentile

current speed in unstratified conditions.  NOTE CHANGE OF SCALE

COMPARED TO FIGURES 10 AND 11.
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Figure 13. Sea water temperature deficiency distribution at sea surface for 10 percentile

current speed in conditions of maximum stratification.
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Figure 14. Sea water temperature deficiency distribution at sea surface for 50 percentile

current speed in conditions of maximum stratification.
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Figure 15. Sea water temperature deficiency distribution at sea surface for 90 percentile

current speed in conditions of maximum stratification.  NOTE CHANGE OF

SCALE COMPARED TO FIGURES 13 AND 14.
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Figure 16. Side views of cool water layer boundaries.  Upper frame shows layers

forming on the sea floor (measure up from 0 m) in unstratified conditions.

Lower frame shows layers forming at sea surface (measure down from the

surface at 15.24 m).
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Figure 17. Curves relating horizontal areas to absolute value of minimum temperature

deficiency.  Any point on any of the curves shows the area for which the

temperature deficiency is at least the indicated value.  The temperature

deficiency is the amount by which the water temperature is decreased below

the natural ambient temperature by the presence of the plume.
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Figure 18. Temperature deficiency as a function of distance downcurrent.  Temperatures

depicted in the upper frame are at the sea floor.  Temperatures in the lower
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Appendix A

Overview of Offshore Operators Committee Model

A.1 Introduction

The discharge model developed by Brandsma and Sauer (1983) under sponsorship of the Offshore

Operators’ Committee (OOC) simulates the unsteady, three dimensional behavior of offshore effluent

plumes discharged from a single port outfall. The model has been continuously improved since its original

release.  The effluent may be drilling mud or cuttings or produced water. The model predicts effluent

concentration distributions in the water column and the initial deposition distribution of particulates on the

sea floor. The model has been validated in laboratory (Policastro, 1983; Brandsma et al., 1992) and field

experiments (O’Reilly et al., 1989; Smith et al., 1994).  A complete re-validation, using 681 model runs,

has been completed recently (Brandsma and Smith, in preparation).  The model has been used by

government and industry to estimate the likely behavior and fate of drilling mud and cuttings discharged in

the marine environment.  The capability to simulate produced water discharges was added several years

ago and the model has been increasingly used for this purpose.  A mathematical description of the model

can be found in Brandsma et al. (1992) and in Brandsma and Smith(1999).

The OOC model simulates the behavior of an effluent plume from the time it leaves the discharge port to

some arbitrary later time and distance. A simulation proceeds in three phases: the initial dilution phase

where the effluent actively entrains ambient fluid and moves vertically to a level of neutral buoyancy (or

impinges on the sea surface or sea floor); a collapse phase where the effluent plume spreads at this level;

and a dispersive phase where particles move in response to local currents and their own characteristic

vertical velocity (downward for solids, upward for oil droplets). The combined initial dilution and collapse

phases are often referred to collectively as the “dynamic plume”. The dynamic plume is calculated first.

Then a complex mass bookkeeping process analyzes the dynamic plume to form the initial conditions for

the passive dispersion phase.  A LaGrangian (particle following) technique is used in the dispersive

calculation.  The mass bookkeeping process creates many (usually, several thousand) independent, three-

dimensional Gaussian distributed clouds from the dynamic plume.  These clouds move through the water

column according to the local ambient currents and grow according to the 4/3rds power law.  For most

discharges, material exists in the dynamic plume and passive dispersion calculations simultaneously.

The three calculation phases are implemented as separate modules in the program. The initial dilution is

calculated with an integral plume model that treats the plume from the time it leaves the discharge pipe

until is contacts a horizontal surface or reaches its level of neutral buoyancy.  This is the phase where the

effluent is swiftly diluted by the entrainment of ambient water.  The entrainment is driven by the vector

difference of the velocities of the effluent plume and momentum and buoyancy at the mouth of the

discharge pipe.  As the effluent plume entrains ambient sea water, its diameter grows and the

concentrations of constituents in the plume decrease rapidly.  The density of the plume will approach that

of sea water.  When there is a density gradient, the effluent and ambient densities may become equal.  The

point where this happens is termed the level of neutral buoyancy or the trap depth.  In the absence of a

density gradient there is no trap depth, and the plume will reach the surface if it is positively buoyant, or the

seabed if negatively buoyant.  The determination of when the plume impinges on the surface or seabed is a

geometric one.  The model deems the surface or sea floor to have been reached when the distance from the

plume centerline to the surface or sea floor becomes less than 78% of the plume radius.  The 78% allows

for some deformation of the plume at impingement.

Some of the effluent separates from the main part of the plume because of two mechanisms.  Particulates

having some vertical velocity (because their density differs from that of sea water) migrate up or down

from the main plume.  Ambient turbulence and turbulence created by the presence of the discharge pipe has

been observed to cause separation of a part of the effluent from the main plume, at least when the

densimetric Froude number of the discharge is less than 1.  There is a question, not yet resolved, whether or

not turbulent separation applies for discharges having Froude numbers significantly more than 1.  The
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densimetric Froude number is the ratio of plume momentum to buoyancy.  Small Froude numbers are the

result of large differences of effluent density from ambient density and low discharge rates. Large Froude

numbers arise from small density differences and high discharge rates.

After initial dilution, the effluent plume will spread out (collapse) at its trap depth or at the surface or

seabed if one of these was reached.  Collapse occurs only if there is a density gradient or if the plume

density when it reaches the surface or seabed is significantly different from that of the surrounding ambient

fluid.  The collapse phase is terminated when the plume’s spreading rate caused by density differences

becomes less than the spreading rate associated with ambient turbulent dispersion.

The dynamic and dispersive phases are coupled by a mass bookkeeping process that converts the mass flux

within the dynamic plume to discrete clouds in the dispersive phase.  The initial dynamics calculations are

saved at intervals forming a history of the dynamic plume.  Each interval is a potential source of clouds for

the dispersive phase.  Depending on the characteristics of the particulates and of the effluent plume, some

of the particulates will separate from the plume because of their differing density.  A small fraction of the

particulates and some of the effluent fluid may separate from the main body of the plume because of

turbulence near the discharge pipe.  In either case, the flux of these constituents from one interval to the

next may change.  The flux change of each constituent as it passes through the interval determines the

number and mass content of clouds created from that interval.  Any mass flux remaining at the end of the

dynamic plume also acts as a source of clouds.  Visualize the dynamic plume as a leaky pipe composed of

connected intervals, fixed in space, with a leak in each connection. The mass inflow to each interval and the

leakage rate of that interval determines the flow passed on to the next interval.  Each leak in the pipe is a

source of clouds to be passively dispersed. Clouds from any one interval always have the same initial

position in space, but different creation times.  Sizes of the created clouds are based on the plume

dimensions at the point they are created, together with the ambient current speed and the time interval

between clouds.  Once a cloud is created, it is free to be advected and dispersed by local ambient currents

and turbulence.  The mass distribution of each cloud is assumed to be Gaussian in three dimensions, a

mathematically convenient form.

The final computational phase is passive dispersion, applied separately to each constituent of the effluent.

The only remaining dynamic property is the vertical velocity associated with each of its particulate

constituents (e.g., solids or oil droplets).  Here, the effluent constituents are advected by ambient currents,

dispersed by ambient turbulence, and migrate vertically according to their vertical velocity.  Horizontal

dispersion of clouds is calculated using the 4/3 power law for oceanic dispersion (Fischer et al., 1979).

This law says that the horizontal dispersion coefficient is proportional to the horizontal length scale of the

dispersing substance, raised to the 4/3 power.  The dispersive phase calculations are organized around a

simulation grid consisting of a rectangular region with its principal axes parallel to the cardinal directions

of the compass (north-south, east-west).  The simulation grid is subdivided into contiguous, square cells.

Clouds are advected until they are fully deposited on the sea floor (if they are settling solids) or carried

outside the boundary of the simulation grid.  A single cloud of solid particles typically deposits its contents

in a band paralleling the current direction.

The concentrations of suspended particulates or of tracer or of the fluid portion of the effluent in the water

column at any point are calculated by summing the contributions from individual clouds using the

mathematical description for Gaussian clouds.  In practice, only the clouds near enough to the point to

make a significant contribution are used in the calculation.  The OOC model organizes points into

concentration profiles that lie on vertical lines extending from the water surface to the sea floor.

Concentration profiles can be placed anywhere in the simulation grid.

OOC model outputs are provided in plain text (ASCII) data files. so that results are portable between

machines.  These files can be read by post-processing programs to prepare tabular or graphical data

products.

OOC model output has been used to produce:

 suspended solids and tracer concentration distributions through arbitrary cross-sections of the water

column,
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 graphs of maximum concentration versus distance downcurrent,

 volume visualizations of iso-concentration surfaces,

 animations of effluent plumes in tidal currents,

 contour plots of solids deposited on the sea floor,

 graphs of deposition amounts versus sea floor area,

 graphs of maximum deposition as a function of distance,

 tables of specific contaminant concentrations as a function of distance.



Deepwater Port License Application Gulf Landing LLC

A-72October 2003 Environmental Review

B-1

Appendix B

CORMIX Model Overview

The Cornell Mixing Zone Expert System (CORMIX) is a software system (Doneker and Jirka, 1990; Jirka

et al., 1996) for the analysis, prediction and design of aqueous toxic or conventional pollutant discharges

into diverse water bodies.  It was developed under several cooperative funding agreements between Cornell

University and the U.S. Environmental Protection Agency

The CORMIX system uses a rule-based expert system approach to data input and processing.  The

CORMIX system leads the user through a dialog, giving guidance as needed, while the user specifies the

problem to be analyzed.  CORMIX consists of three subsystems:

CORMIX1: analysis of submerged single port discharges

CORMIX2:  analysis of submerged multi-port discharges (diffusers)

CORMIX3:  analysis of buoyant surface discharges (from a canal)

The basic CORMIX methodology relies on the assumption of steady ambient conditions.  However, recent

versions also contain special routines for application to highly unsteady environments, such as tidal reversal

conditions, in which transient recirculation and pollutant build-up effects can occur.

The system’s major emphasis is on the initial mixing zone, but it also predicts for larger distances.  The

system is intended for use in complying with water quality regulatory constraints.  CORMIX is presently

used by the U.S. EPA for setting allowable effluent concentrations, including Gulf of Mexico produced

water discharges.

CORMIX divides the problem domain into a series of subregions.  Any single dilution problem will

involve the linkage of several of these subregions to form a complete solution for the problem.  The choice

of sub-regions is by a decision tree whose branches depend on critical values of several non-dimensional

parameters.  A non-dimensional parameter is a grouping of dimensional values (e.g., discharge rate, current

speed, water depth, etc) where the grouping is such that the grouping is dimensionless.  Dimensionless

groupings commonly used in plume modeling include the Reynolds number, the densimetric Froude

number and the stratification parameter.  CORMIX uses many others.  In many cases the critical values

apply to asymptotic solutions the problems handled by the various subregions.  In general the equations

solved in each sub-region are simplified.

Indeed, CORMIX simplifies its task by restricting inputs to ideal cases:  constant water depth, constant

current speed and direction, continuous discharges, etc.  CORMIX allows inputs for the following:

 Bounded channels: rivers, estuaries

 Unbounded channels: ocean, lakes

 Uniform current

 Three types to ambient density profiles

 Effluent is fluid only (no particles)

 Buoyant (positive, negative or neutral)

CORMIX relies on the existence of a mixing zone.  A mixing zone is defined as a area or volume where

numeric water quality criteria can be exceeded as long as acutely toxic conditions are prevented.  A mixing

zone can be thought of as a limited area or volume where the initial dilution of a discharge occurs.  Water

quality criteria apply at the boundary of the mixing zone, not within the mixing zone itself (course notes,

EPA Mixing Model Workshop, 1998).

CORMIX uses a flow classification system to guide its calculations.  Dimensional parameters related to the

problem are input by the user (e.g.: ambient current speed, discharge flow rate or exit velocity, orifice

diameter, water depth, ambient density, discharge density, etc).  From these, a series of length scales are

calculated.  Typical length scales are:  jet-to-plume transition, jet/crossflow transition, plume/crossflow

transition, jet/stratification transition, plume/stratification.  The non-dimensional ratios of these length

scales are used to classify the mixing problem into one of 35 flow classes (for CORMIX1, single port

outfalls).  The flow class is the basis for choosing appropriate computational modules for the problem at
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hand.  Recent versions of the CORMIX system replaced some flow classes and modules with CORJET, an

integral buoyant jet model (Jirka and Fong, 1981).

References for Appendix B

Doneker, R.L. and Jirka, G. H.  1990.  Expert System for Hydrodynamic Mixing Zone Analysis of

Conventional and Toxic Submerged Single Port Discharges (CORMIX).  Report EPA/600/3-

90/012.  Environmental Research Laboratory.  U.S. Environmental Protection Agency.  Athens,

Georgia.  (NTIS accession number is PB90-187196).

Jirka, G.H., Doneker, R.L., and Hinton, S.W.  1996.  Users manual for CORMIX: a hydrodynamic mixing

zone model and decision support system for pollutant discharges into surface waters.  Report

under cooperative agreement CX824847-01-0.  Office of Science and Technology.  U.S.

Environmental Protection Agency.  Washington, D.C.

Jirka, G.H.  and Fong, H.L.M.  1981.  Vortex dynamics and bifurcation of buoyant jets in crossflow.  J.

Engineering Mechanics.  ASCE.  Vol 107.  pp479-499.
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Executive Summary 
 

The New Entry LNG gasification facility is planned for the West Cameron 182 Block 

offshore Louisiana.  The water depth at this location is about 15.2 m (50 ft).  The so-

called “base case” operation of the facility will discharge 124,000 gpm (7.82 m
3
/s) of sea-

water cooled 20 F (11.1 C) below the ambient water temperature.  The base case will 

discharge from 5 outfall pipes having a diameter of 58 inches (1.47 m).  The cool water 

plumes produced by the facility were analyzed under the expected range of ambient 

conditions.  Outfall configurations for the base case and for mitigation of the base case 

were considered.  The Offshore Operators Committee discharge model and the U.S. 

EPA’s CORMIX model were used for this analysis. 

 

Ambient conditions used in the analysis were set based on currents and hydrographic 

conditions measured in the nearby region.  No in situ measurements were available.  

Current speeds exceeded 90, 50 and 10% of the time were estimated to be 0.03, 0.097 and 

0.218 m/s, respectively.  Hydrographic measurements indicated that ambient density 

gradients ranged from 0.0 kg/m
3
/m (unstratified) to about 0.2 kg/m

3
/m (strongly 

stratified).   The strong stratification was due almost entirely to the formation of a 

halocline, little temperature variation was observed in individual temperature profiles. 

 

The “base case” arrangement for discharging the cool water from the LNG facility 

consists of six 58-inch diameter pipes, five of which will be flowing whenever the facility 

is operating.  The mouths of the discharge pipes (ports) were assumed to form a de facto 

diffuser outfall.  They were arranged in a north-south line, spaced 7.5 meters apart and 

located 1 m above the sea floor, aimed vertically upward.  The line of discharge ports will 

be located 2,625 ft (800 m) west of the facility.   

 

The greatest temperature deficiencies (temperatures less than ambient temperature), T , 

will exist at the outfall, up to 11.1 C.  Temperatures 100 m downcurrent from the outfall 

are predicted to be 6.4 C or less.  As the distance from the outfall increases, the 

temperature deficiency will decline steadily.  Temperature deficiencies are expected to be 

3.4 C or less at a distance of 800 m and 1.0 C or less at a distance of 3000 m, 

downcurrent.  

 

As shown in the preceding paragraph, the “base case” outfall configuration does not 

satisfy the World Bank’s requirement that the temperature deficiency not exceed 3 C at a 

distance of 100 m from a thermal outfall.  Consequently, an alternate outfall 

configuration was developed.  The “mitigation case” outfall is the same as described in 

the first paragraph of this summary, except that the diameter of the ports is reduced to 30 

inches (0.76 m) by a tapered nozzle that reduces the diameter over a distance of 1.5 m or 

so. 

 

For the mitigation case outfall, temperatures 100 m downcurrent from the outfall are 

predicted to be 2.0 C or less.  Temperature deficiencies are expected to be 1.1 C or less 

at a distance of 800 m and 0.4 C or less at a distance of 3000 m, downcurrent.  
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The sea floor areas occupied by cool water plumes in unstratified conditions depend 

strongly on the current speed.  For the mitigation case in unstratified conditions, areas 

predicted to be exposed to T = 1 C or more range from 0 to 50 hectares.  In conditions 

of maximum stratification the range of areas seeing T = 1 C is to 0 to 40 hectares. 

 

In all conditions investigated for the mitigation case outfall, cool water plumes migrated 

to the sea floor and spread laterally there.  At a distance of 800 m, cool water plumes in 

unstratified conditions will measure 2.0 m or less in thickness.  In conditions of 

maximum stratification, cool water layers at the 800 m distance will be 2.8 m thick, or 

less.   

 

The report concludes with a caveat that computer models are approximate, especially for 

conditions postulated for the New Entry outfall.  Careful laboratory experiments remain 

the best way to predict plume behavior under such conditions.  It also is pointed out that, 

while the cool water plumes were predicted to spread on the sea floor for the conditions 

investigated, there could be no guarantee that the plumes would remain on the sea floor 

for all conditions. 
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1 Introduction 

 

The New Entry facility to gasify liquified natural gas (LNG) offshore Louisiana is in the 

preliminary design stage.  The thermal energy to gasify the LNG is to be extracted from 

ambient sea water.  The by-product of this process will be cooled sea water that is to be 

discharged from the facility.  This report investigates the initial cool water discharge 

planned for the facility (the base case) and the effects of a modified discharge 

configuration designed to increase dilution of the cool water plume.  The volume flux of 

sea water for the base case will be 178.6 mgd (7.82 m3/s) from five outfall lines.    The 

discharged sea water is expected to be 11.1 C (20 F) cooler than the ambient sea water.  

The cool water discharges are expected to occur at regular intervals throughout the year, 

for 36 hours at a time, 112 times per year, or approximately 46% of the time. 

 

This report provides an assessment, based on computer modeling, of the nature and 

extent of the cool water plumes expected when the gasification facility is operating.  The 

plume temperatures are expressed as temperature deficiencies, the difference between the 

ambient water temperature and the plume temperature.  The following subjects are 

covered: 

description of the data used for modeling, consisting of the discharge and ambient 

conditions, 

description of the modeling methods, 

presentation of the results for the distribution of temperature deficiencies and 

hyprochloride concentrations, 

conclusion and recommendation. 

 

2 Modeling Data 

 

Modeling data was obtained from e-mail messages and attachments sent by Continental 

Shelf Associates, Inc. 

 

2.1 Cool Water Plume 

 

The gasification facility is expected to employ six pumped sea water discharge lines, of 

which five will be in operation when the plant is operating at full capacity in the base 

case configuration.  Pumps will circulate sea water through 58 inch (ID) (1.4735 m) 

pipelines.  The cooled sea water is to be discharged 2,625 ft (800 m) west of the facility.  

The arrangement of the collection of discharge pipes will be termed the “outfall” in the 

rest of this report. 

 

When the facility is operating, each sea water line will flow 24,800 gpm (1.565 m
3
/s).  

The combined flow of five lines will be 178.6 mgd (7.82 m
3
/s).  The temperature of the 

water discharged from the outfall is expected to be 20 F (11.1 C) cooler than the ambient 

sea water.  The outfall will discharge the cooled water near the sea floor.  The base case 

outfall configuration will be established in section 2.6. 
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2.2 Bathymetry 

 

The preliminary location of the facility is in the West Cameron Block 182.  The water 

depth is approximately 50 ft (15.2 m) and the sea floor is relatively flat, owing to its 

location on the continental shelf.  

 

2.3 Currents 

 

No current measurements are available in situ.  However, data from a study, LATEX, 

sponsored by the U.S. Minerals Management Service is available at a location near New 

Entry (Shell, Preliminary Oceanographic Criteria document).  Site 20 of the LATEX 

study lies about 35 nautical miles west of New Entry.  Owing to the similarity of water 

depth, distance offshore and coastal configuration, the Site 20 data are considered to be 

representative of conditions at New Entry.   

 

Measurements were taken at depths of 3 and 12 m in water 14 m deep.  The upper meter 

was deployed from 5/31/92 to 11/30/94.  The lower meter was deployed from 4/13/92 to 

11/30/94.  Despite periods of missing data, the quantity of data provided allowed for 

calculation of reliable statistics.   

 

Modeling reported in this document is based on the Site 20 data.  The marginal 

distributions from the joint distribution tables for current speed and direction reported in 

Shell’s “Preliminary Oceanographic Criteria” document were used to prepare plots of 

current speed vs. probability of exceedance (Figure 1) and of current direction vs. 

probability
1
 (Figure 2).  The curves show the statistics for the individual periods of good 

data records.  There is considerable variation exhibited in these figures, making the 

selection of representative current conditions difficult. 

 

An estimate of the cumulative marginal distributions of current speed and direction for 

the entire measurement period was undertaken.  The joint distribution tables for currents, 

contained in the “Preliminary Oceanographic Criteria” document give the percentage of 

the sample times that each speed and direction band in the tables occurred.  The number 

of days in each measurement period was reported.  Therefore the number of , say, hourly 

measurements that fall within a certain band of speed or direction for a single 

measurement period can be computed as the product of the number of days in the period, 

the percentage of measurements in the band and the number of hours in a day.  This 

calculation was made for the marginal distributions of speed and direction in each joint 

distribution table.  The measurement counts thus obtained were summed for each speed 

and direction band in the marginal distributions, divided by the total number of 

measurement counts and multiplied by 100%.  The results were cumulative distributions 

of current speed (Figure 3) and current direction (Figure 4). 

 

                                                           
1 In oceanographic usage, current direction is the direction the current flows toward. 
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Figure 1. Current speed vs. probability curves for individual measurement periods.  

The upper frame represents measurements 3 m below the surface.  The lower 

frame represents measurements 12 m below the surface (2 m above the sea 

floor). 

 

 



Deepwater Port License Application Gulf Landing LLC

A-84October 2003 Environmental Review

 4

Direction ( )

P
ro

b
a

b
il
it
y

(%
)

0 45 90 135 180 225 270 315 360
0

10

20

30

40

50

60

Top, 30May92-22Jun92

Top, 20Jul92-11Aug92

Top, 6Sep92-8Sep92

Top, 6Nov92-10Dec92

Top, 11Dec92-16Jan93

Top, 16Jan93-16Mar93

Top, 17Mar93-16May93

Top, 28May93-30Jun93

Top, 15Jul93-22Sep93

Top, 22Sep93-4Dec93

Top, 13Dec93-12Feb94

Top, 31May94-1Aug94

Top, 1Aug94-3Oct94

Top, 3Oct94-30Nov94

Direction ( )

P
ro

b
a

b
il
it
y

(%
)

0 45 90 135 180 225 270 315 360
0

10

20

30

40

50

60

Bot, 12Apr92-30May92

Bot, 30May92-19Jul92

Bot, 19Jul92-6Sep92

Bot, 6Sep92-18Oct92

Bot, 23Oct92-11Dec92

Bot, 17Mar93-28May93

Bot, 22Sep93-4Dec93

Bot, 13Dec93-12Feb94

Bot, 16Feb94-31Mar94

Bot, 15Apr94-31May94

Bot, 31May94-1Aug94

Bot, 1Aug94-3Oct94

Bot, 3Oct94-30Nov94

 
Figure 2. Current direction vs. probability curves for individual measurement periods. 

The upper frame represents measurements 3 m below the surface.  The lower 

frame represents measurements 12 m below the surface (2 m above the sea 

floor). 
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Figure 3. Current speed vs. probability curves for all measurement periods, combined. 
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Figure 4. Current speed vs. probability curves for all measurement periods, combined. 
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Examination of Figures 1 and 3 shows a considerable difference in speeds between the 

upper and lower meters.  Owing to the outfall discharging cool water near the sea floor, 

currents from the lower meter were used for modeling. 

 

Usual practice for picking current speeds to use for modeling effluent discharge is to use 

the speeds exceeded 10%, 50% and 90% of the time.  The speed exceeded 90% of the 

time is the 10 percentile speed.  Consulting the “Bot, All Data” curve in Figure 3, this 

speed is 3.0 cm/s.  Using the same curve, the speed exceeded 50% of the time (the 

median or 50 percentile speed) is 9.7 cm/s.  The speed exceeded 10% of the time (the 90 

percentile speed) is 21.8 cm/s.   

 

Examination of Figure 4 shows that there is not a lot of variation of direction probability 

for the currents measured at the lower meter (in contrast to the upper meter, for which a 

tendency to westward flow is evident).  There is a small tendency of the bottom currents 

to flow towards the west. 

 

2.4 Hydrography 

 

Ambient salinity and temperature profiles can have an effect on effluent plumes.  

Changes in salinity and temperature with depth can create density gradients within the 

water column.  The interaction of ambient density gradients with effluent density 

influences the vertical motion of effluent plumes. 

 

Texas A&M University has sponsored oceanographic cruises that measured hydrographic 

profiles near the New Entry site.  Data from cruises 92G04 and 92G10 was plotted 

(Figure 5).  The bottom frame of Figure 5 shows the density
2
 profiles corresponding to 

the measured temperatures and salinities.  The bottom frame exhibits both unstratified  

and strongly stratified conditions.  Stratification is expressed as dyd t / , which ranges 

from 0.0 for unstratified conditions to about 0.2 for the maximum stratification. 

 

The ambient water density for the unstratified case was taken to be t =20 (based on 

Station 10, Cruise 92G10). 

 

As shown in Figure 5, most density variations were due to salinity variations, so a 

composite of the two greatest salinity gradients were used to establish conditions for 

maximum stratification conditions.  The composite maximum salinity gradient was 

approximately 0.25ppt/m.  Stratified conditions develop when the surface salinity is 

reduced by rainfall or river flows.  This has implications for operation of the gasification 

facility.  Assume that water for the gasification plant intakes comes from mid-depth in 

the water column, and assume the surface water has a salinity of 30 ppt.  With the 

maximum gradient, the salinity at the sea floor (15.24 m below the surface) will be 

33.81 ppt.  The salinity at mid-depth will be 31.9 ppt.  In the absence of cooling, the 

water, discharged near the sea floor, will be buoyant and try to rise towards the surface.  

                                                           
2 Oceanographers express sea water density in Sigma-t ( t ) units.  Sigma-t = 1000 (1 – density), where 

density is in g/cm3.  If density is given in kg/m3, the corresponding Sigma-t = density – 1000. 
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Assume a water temperature that is the average of observed temperatures at stations 1-4 

of cruise 92G04 (when salinity gradients were observed), 19 C.  The calculated sea water 

densities at the surface and bottom are then 21.236 and 24.136 sigma-t units (1021.236 

and 1024.136 kg/m
3
).  
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Figure 5. Temperature and salinity profiles measured near the New Entry site.  The 

sigma-t profiles in the plot frame at the bottom of the figure were computed 

from the temperature and salinity profiles. 
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If the water from mid-depth is cooled 11.1 C, so its temperature is 7.9 C, its density will 

be 24.886 sigma-t units and it will be slightly heavier than the surrounding ambient water 

when it exits the discharge ports.   

 

2.5 Tides 

 

Tidal fluctuations were not considered in this study.  The variation in water depths due to 

the approximately 1 m difference between highest and lowest astronomical tides (a 7% 

variation of total depth) is not expected to significantly effect the results of this study. 

 

2.6 Outfall Configuration for Base Case 

 

It is necessary to select a location of the outfall with respect to the gasification facility 

and to select the details of the individual pipes of the outfall.  Under unstratified ambient 

conditions, the cool water plume will sink to the sea floor and form a cool water layer 

there.  Under stratified conditions, the cool water plume may rise or sink, possibly 

forming a layer within the water column.  In order to take advantage of the dilution 

capability of the site, it is best to place the outfall just above the sea floor and aim the 

discharge ports upward.  A location near the sea floor is also best for the safety of vessels 

operating in the area.  

 

Aiming the discharge ports strongly upward is necessary to avoid a phenomenon called 

Coanda attachment, wherein effluent plumes discharged near solid boundaries attach 

themselves to the boundaries.  The attachment occurs because effluent plumes try to 

entrain ambient water into themselves.  The presence of a nearby solid boundary creates a 

sort of vacuum between the plume and the boundary and the plume is sucked over to the 

boundary.  To avoid this the ports should be aimed 45 to 90 degrees above horizontal.  

Normally, one would try to aim the ports in the downcurrent direction
3
.  For the New 

Entry location, however, no strong directional trend is evident for currents near the sea 

floor (Figure 4).  The highest probability is for the ambient current to flow westward.  

Therefore an outfall location west of the gasification facility is preferred.  If other 

considerations preclude a location to the west, other directions would work just about as 

well. 

 

The discharge ports should be aimed vertically upward to prevent effluent plumes being 

blown back onto themselves by an adverse current.  For this analysis, the discharge ports 

(the ends of the 58 inch pipes) were assumed to be located 1 m above the sea floor, aimed 

vertically upward. 

 

The pipe ends were arranged in a line running north-to-south and spaced at 

approximately 5 pipe diameter intervals.  The actual interval used in this analysis was 7.5 

m (5 diameters x 58 inches/diameter = 5 x 1.47 m = 7.35 m = 7.5 m rounded).  This 

                                                           
3 Plumes from ports aimed towards the ambient current tend to be blown back to the port and thus reduce 

the effective dilution achievable from the port. 
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arrangement, with five lines flowing, forms a 30 m long diffuser (a line source, four 

intervals x 7.5 m = 30 m). 

 

2.7 Outfall Configuration for Improved Dilution 

 

The exit velocity of cooling water in the base case is low, 0.92 m/s (7.82/(5 *  

*1.4736
2
/4).  This means that the water flowing from the outfall has little momentum, 

and the plume will quickly turn over and sink to the sea floor.  As will be reported later, 

this leads to a lack of dilution and high temperature deficiency values on the sea floor.  

Dilution can be improved by increasing the momentum of the discharged water.  This can 

be accomplished by reducing the diameter of the outfall ports to 30 inches (0.76 m).  The 

reduction should be gradual so as to minimize the hydraulic head requirements.  The 

constriction can be accomplished with  nozzles that look like the frustrum of a right 

circular cone (Figure 6).  The top of the nozzles should be located 1 m above the sea 

floor.  Since this configuration mitigates the lack of dilution demonstrated for the base 

case, this is called the “mitigation case”. 

 

3 Modeling Procedure and Tools 

 

3.1 Dilution of Waste Water Discharged to the Ocean 

 

There are three sources of energy to drive the dilution of wastewater discharged to the 

ocean: the initial momentum of the wastewater, the initial buoyancy (positive or 

negative) of the wastewater, and the natural turbulent eddies of the ocean.  The initial 

momentum is governed by the speed at which the wastewater exits the discharge 

structure, whether it be a single open pipe or a multi-port diffuser.  The initial buoyancy 

is governed by differences in concentrations of dissolved solids and temperature between 

the wastewater and the receiving ocean water.  These differences lead to differences in 

the densities of the wastewater and ambient sea water.  If the wastewater is denser than 

the surrounding sea water, it sinks; if it is lighter than sea water, it rises.  The combined 

influence of momentum and buoyancy drives the wastewater plume to move through the 

ambient receiving water.  As the plume does so, it rapidly entrains the ambient water and 

this creates strong mixing and results in rapid dilution.  When the momentum and 

buoyancy of the plume are dissipated (because of mixing with the ambient receiving 

water, possible interaction with ambient density gradients, and possible interaction with 

the surface or sea floor) the only remaining energy for mixing comes from oceanic 

turbulence.  At this point, dilution continues, but at a slower rate. 

 

In many cases, the initial dilution of a wastewater plume can be effected by outfall design 

that takes advantage of the initial buoyancy and is configured to provide the optimal 

amount of initial momentum.  In the case of the New Entry cooling water outfall, design 

changes can have some effect in the near field, but will make little difference in the far-

field.  Design changes can have a noticeable effect in the far-field only when the volume 

flux of effluent is a small fraction of the volume flux of ambient water flowing by the 

diffuser.  The ratio of the two volume fluxes can be estimated by dividing the effluent 



Deepwater Port License Application Gulf Landing LLC

A-90October 2003 Environmental Review

 10

volume flux by the product of the diffuser length, the water depth and the current speed.  

For the 10 percentile current established in section 2.3, the ambient volume flux is 30 x 

15.24 x 0.03 = 13.7 m
3
/s, and the flux ratio is 0.57 (7.82/13.7).  The cool water volume 

flux is about 60% of the ambient volume flux.  For the 50 and 90 percentile speeds, the 

ratio is 0.18 and 0.08.  With these flux ratios, near field instability and recirculation can 

occur in all cases. 

 

In unstratified conditions, the combination of a cool water effluent that wants to sink, the 

injection of the effluent upward at high velocity into a relatively shallow water column, 

the large volume flux of that effluent in comparison with the ambient volume flux will 

lead to instability, recirculation and re-entrainment in the region near the outfall (Figure 

6).  As illustrated in the figure, the region surrounding the outfall will be subject to strong 

vertical fluid motions and the cool water effluent will be mixed throughout the water 

column.  Much of this mixing will involve the re-entrainment of previously discharged 

cool water and this will reduce the effective dilution.  At some distance from the outfall, 

the water column will restratify and the cool water plume will form a layer on the sea 

floor.  This layer will be exhibited as a large, persistent region of somewhat depressed 

temperatures.  The situation described above applies to the mitigation case.  The exit 

velocities for the base case are sufficiently low that the plume will not be able to occupy 

the full water column.  The modeling described below provides estimates of the cool 

water layers expected under different ambient conditions for the base and mitigation 

cases. 

 

 

current

 
 

Figure 6.  Unstable flow pattern for cool water effluent. 

 

 

3.2 Approach 

 

The situation described in the previous paragraph is very difficult for modeling.  

Conventional integral plume models cannot represent the unstable flow expected to 

develop for the cool water discharge.  The U.S. EPA’s CORMIX model handles the 

unstable flow by encapsulating it in a control volume and estimating a bulk dilution 

within that volume.  Outside the control volume, re-stratification and buoyant spreading 

of the cool water layer (depicted in the right side of Figure 6) are modeled. 

 

A two-phase approach to modeling was taken.  In the first phase, the OOC model (an 

integral plume model) was used to calculate the initial behavior of the plume before the 

onset of recirculation and instability.  The goal was to demonstrate the initial physical 

dilution and general plume behavior in the very near field. 



Gulf Landing LLC Deepwater Port License Application

A-91Environmental Review October 2003

 11

 

Secondly, CORMIX version 3.2 was used to model the cool water plume under selected 

ambient conditions.  The six pipes discharging in a line, all oriented upward were 

modeled as a diffuser using the CORMIX-2 module.  The output of the CORMIX system 

provides numeric results describing gross plume behavior and some unsatisfactory plume 

graphics.  The CORMIX results were interpreted to improve the presentation of modeling 

results.  The CORMIX output describes the spreading of cool water layers on the sea 

floor by providing, for each downcurrent distance, a bulk temperature and a plume half 

width and thickness.  Lateral temperature distributions were estimated assuming the 

temperature distribution transverse to the downcurrent direction had an elliptical 

distribution.  The temperature distribution across the plume at each downcurrent distance 

reported by CORMIX was thus calculated.  The calculated temperatures were collected 

and passed through an inverse distance interpolation process
4
 to prepare a rectangular 

grid showing water temperature on the sea floor as a function of down-current and cross-

current distance.  Contour plots were prepared from these distributions and are shown in 

the results section.  Small irregularities in the contour plots are artifacts of the 50 m grid 

used in preparing the contour plots and of the interpolation process. 

 

The physical dilution predicted by CORMIX can be applied to hyprochloride 

concentrations as well as temperature deficiencies.  The hyprochloride concentration 

within the cool water plume at some distance from the discharge point (or time in steady 

currents) is calculated as the initial concentration divided by the dilution factor. 

 

A question that arose in the course of this investigation was this:  How does the cool 

water plume behave after the cessation of one of the 36 hour discharges?  In particular, it 

would be helpful to know how fast the temperature deficiency is reduced and the 

likelihood that a cool-water lens from a previous discharge will revisit the outfall 

location.  The simplest answer is that the temperature deficiency will decline very slowly 

and the plume will be advected by local ambient currents.  A simple calculation was used 

to estimate the temperature deficiency decay after cessation of a discharge.  Some 

previously published work by the author is cited to address the revisitation question. 

 

It is possible to calculate far-field dilution using the so-called Brooks equation which is 

based on the 4/3 power law equation for turbulent dispersion in the ocean: 

 

 

1*81
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      (1) 

 

where D  is the dilution factor, LA  is the dissipation constant in the 4/3 power law (set to 

0.000453 m
2/3

/s, characteristic of open ocean water), t  is a travel time interval 

(seconds) of the dispersing plume, and w  is the initial width of the dispersing plume in 

                                                           
4 Incorporated in a commercial technical graphics package called Tecplot (www.amtec.com). 
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meters at time t  = 0.  The time t  = 0 is some time after discharge and after some 

amount of dilution of the plume has already occurred resulting in a plume width, w.  In 

fact the initial conditions for equation (1) are taken from the final plume predictions of 

CORMIX 3.2.  The idea is to combine the CORMIX prediction and equation (1) to find 

the minimum dilution, or maximum temperature deficiency, or maximum hyprochloride 

concentration as a function of time since discharge.  CORMIX is used to predict a 

dilution curve with end point D1 and a plume width curve with end point w1.  Times are 

calculated from the CORMIX prediction files by dividing the distances at which 

predictions are made by the constant current speed used by CORMIX (t = X/u).  The 

width w1 is the initial condition for equation (1).  The t  is measured from the end of the 

CORMIX prediction to some greater time of interest.  Because the New Entry facility is 

expecting 112 LNG tanker unloadings per year, there are 365/112 = 3.26 days = 78.2 

hours from the beginning of one unloading to the beginning of the next.  As the 

unloading time is 36 hours, the time interval from cessation of discharge to the start of 

the next unloading is 42.2 hours = 151,920 seconds.  CORMIX predictions were carried 

out to a distance of 3000 m.  For the 10, 50 and 90 percentile current speeds, CORMIX 

predicts the first 100,000, 30,920, and 13,760 seconds, respectively, of the dilution 

history following cessation of discharge.  Equation (1) is used at hourly intervals 

thereafter up to 78 hours.  The initial condition taken from the CORMIX prediction is the 

plume width at the end of the CORMIX prediction.  The total dilution factor at any 

t after the end of the CORMIX prediction is calculated as the product of D1 from 

CORMIX and D from equation (1).  Temperature deficiencies and hyprochloride 

concentrations can be calculated from the total dilution.   

 

Plume positions after cessation of discharges were not calculated because they will 

depend upon the time history of ambient currents acting on the plume.  Since the currents 

in the West Cameron block 182 are not uni-directional, there is no way to predict where a 

cool-water lens may be located at some time after cessation of discharge.  Clearly, it will 

not be a straight-line distance downcurrent.  Brandsma and Smith (1996) addressed the 

question of a plume revisiting the point of discharge for a produced water outfall in the 

central Gulf of Mexico in open water 82 m deep.  They concluded that water packets 

returned to the discharge location sufficiently to allow temporary reductions of effective 

dilution only about 3.6 percent of the time for which current records were available.  This 

estimate was based on progressive vector calculations from current meter records.  

Another study in the central Gulf (Science Applications International, 1989) found a 

water packet return probability of 6 percent.  Owing to the location of the West Cameron 

block 182 in open water of the central Gulf of Mexico and lack of a clear directional 

trend in the near bottom currents (Figure 4), it is reasonable to conclude that the 

probability of a cool water lens migrating from the New Entry discharge site to the intake 

is low.  If there is a visitation event, the lens will be on the sea floor and should not 

impinge on the sea water intake, located at mid-depth. 

 

3.3 Offshore Operators Committee (OOC) Model 

 

The OOC model was used to simulate the initial cool water plume behavior for a single 

pipe (of five operating) in the near field.  The model was developed by Brandsma and 
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Sauer (1983) under sponsorship of the Offshore Operators’ Committee (OOC) and 

simulates the unsteady, three-dimensional behavior of offshore effluent plumes 

discharged from a single port outfall. The model has been continuously improved since 

its original release.  The present version is 2.5.6 (October, 2002).  The effluent may be 

drilling mud or cuttings or produced water. The model predicts effluent concentration 

distributions in the water column and the initial deposition distribution of particulates on 

the sea floor. The model has been validated in laboratory (Policastro, 1983; Brandsma et 

al., 1992) and field experiments (O’Reilly et al., 1989; Smith et al., 1994).  A complete 

re-validation, using 681 model runs, has been completed recently (Brandsma, in press).  

The model has been used by government and industry to estimate the likely behavior and 

fate of drilling mud, cuttings, and produced water discharged in the marine environment.  

A description of the produced water aspects of the model can be found in Brandsma, et 

al. (1992).  A more general mathematical description is in Brandsma and Smith (1999). 

 

Appendix A provides additional information on the OOC model. 

 

3.4 Cornell Mixing Zone Expert System (CORMIX) 

 

The CORMIX system (Doneker and Jirka, 1990; Jirka et al, 1996) was used to analyze 

the cool water plume assuming the six discharging pipes acted like a diffuser with a very 

high discharge rate.  The CORMIX system and documentation is available through the 

U.S. EPA’s Center for Exposure Assessment Modeling 

(http://www.epa.gov/ceampubl/products.htm).  See Appendix B for an overview. 

 

4 Results 

 

To avoid cluttering up the text, figures for this section appear at the end of the report, 

following the References section. 

 

4.1 Base Case 

 

The base case uses 58 inch (1.47 m) ports (straight pipes).  The distance from the port 

mouths is 14.2 m if the ports are located 1 m above the sea floor.  The cool water plume 

properties from a single port at the beginning of the discharge were calculated using the 

OOC model.  It is important to note that these calculations show plume behavior before 

the plume has existed long enough to modify its receiving environment.  The OOC model 

results allow assessment of whether or not plumes reach the sea surface and the near-field 

behavior of the plumes under various conditions of current speed and ambient density 

stratification.  Figures 7 and 8 show side views of the predicted behavior of plumes from 

a single port in conditions of no stratification and maximum stratification, respectively.  

The three frames in each figure show plume behavior for current speeds of 0.03, 0.097 

and 0.218 m/s (10, 50 and 90 percentile speeds).  The plumes discharged from the 

upward directed pipes impinge on the water surface when the current flows at the 10 

percentile speed, regardless of stratification.  The plumes fall back upon themselves at the 

lowest current speed and this means that the OOC model will overpredict dilution 
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because it does not account for re-entrainment of diluted effluent.  The OOC model 

shows that near-field instabilities and full vertical mixing in the water column will occur 

at the lowest current speed.  This is the reason for also using the CORMIX model; it 

treats near-field instabilities by enclosing the region near the discharge in a control 

volume and calculating gross dilution.  CORMIX ignores the near-field details that the 

OOC model attempts to provide.  At the lowest current speed, the plume predicted by the 

OOC model falls back to the sea floor, regardless of stratification. 

 

When the current speed is increased to 0.097 m/s (the median speed), the plumes are bent 

over and no longer reach the surface, regardless of stratification.  (The median-current, 

maximum-stratification plume just grazes the surface.)  In unstratified conditions, the 

plume ascends initially and then falls over and collapses on the sea floor.  When the 

maximum stratification exists, the plume falls over, contacts the sea floor and then 

rebounds to the depth where it is neutrally buoyant.  If near-field instabilities and re-

entrainment were accounted for, there would be less dilution of the plume than predicted 

by the OOC model and the plume will be likely to collapse on the sea floor in maximum 

stratification. 

 

When the current speed is increased again to 0.218 m/s (the 90-th percentile speed), 

plume bending is obvious.  The plumes fall over and reach the sea floor in unstratified 

conditions and become trapped in the lower third of the water column in conditions of 

maximum stratification.  

 

Please remember that Figures 7 and 8 only apply in the first instances after the 

beginning of the discharge, after which  instabilities and recirculation will reduce the 

apparent dilution shown in the figures. 

 

Figures 9, 10, and 11 show the sea floor distribution of temperature deficiency for the 

base case in unstratified conditions for the 10, 50 and 90 percentile current speeds as 

predicted by the CORMIX model.  The temperature deficiency, T , is the amount by 

which the temperature is decreased from its natural ambient value due to the presence of 

the plume. 

 

In Figure 9, a rather large area with T = 7 C is shown surrounding the point of 

discharge when the current flows at the 10 percentile speed.  The continuous discharge 

from the outfall causes blocking wherein effluent is kept from traveling downcurrent by 

the strength of the discharge.  The result is that a pool of cool water builds up on the 

upstream side of the outfall.  Once downstream of the outfall, the effluent undergoes 

dilution without interference from the discharge source.  Temperature deficiencies 

exceeding the World Bank criterion, T =3 C, are exhibited at distances of up to 1100 m 

from the outfall.  Temperature deficiencies of 1 C are exhibited up to 1200 m away from 

the outfall.  A large cool-water lens spreads widely over the sea floor in unstratified 

conditions with the 10 percentile current speed.   

 

Figure 10 shows the effect of increasing the current speed to the median speed in 

unstratified conditions.  The cool-water plume only intrudes about 100 m upstream and 
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the plume is much narrower downcurrent.  In this case the area of the sea floor having a 

temperature deficiency of 7 C is quite small.  Temperature deficiencies exceeding the 

World Bank 3 C criterion are exhibited out to a distance of about 1000 m from the 

discharge.  Temperature deficiencies of 1 C will exist up to 2900 m away from the 

outfall.   

 

Figure 11 shows the effect of increasing the current speed again to the 90-th percentile 

speed.  In this case, the increased current speed results in rapid dilution of the cool-water 

plume.  The temperature deficiency is predicted to drop below 1 C within about 50 m of 

the outfall.  While temperature deficiencies exceeding the 7 C and 3 C levels mentioned 

above will exist, the regions where they exist are too small to be resolved by the 50 m 

grid used in preparing the temperature deficiency contour plots shown in Figures 9 to 11. 

 

Figures 12, 13, and 14 show distributions of temperature deficiency on the sea floor 

under conditions of maximum stratification and 10, 50 and 90 percentile current speeds, 

respectively.  The appearances of these figures are similar to Figures 9, 10 and 11 and 

the comments made for them apply to Figures 12-14 as well. 

 

Maximum temperature deficiencies as a function of distance upstream and downstream 

of the cool water outfall are shown in Figure 15.  The upstream intrusion (negative 

distances) of the cool water plume induced by the blockage phenomenon is clear.  This 

figure shows that temperatures exceeding the World Bank 3 C criterion may exist up to 

1100 m away from the outfall (but see the later discussion of the intrusion thickness).  

The maximum temperature reported 100 m downstream from the outfall is about 6.4 C.   

 

For all current speeds and unstratified and maximum stratification conditions, CORMIX 

3.20 predicts that the cool water plumes will spread out into a layer on the sea floor.  

Figure 16 shows the layer thicknesses upstream (negative distances) and downstream 

from the outfall.  The predicted plume thickness at a distance of 800 m is 2.2 m or less.  

This is the distance from the outfall to the sea water intake.  One curious aspect of 

Figure 16 is that the upstream intrusion layers predicted for the 10 percentile current 

speed are much less than 1 m thick.  It is beyond the scope of work to provide a critique 

of the quality of CORMIX predictions, but it seems likely that the upstream intrusion 

thicknesses are significantly under predicted in this case.  If that is so, then the upstream 

temperature deficiencies depicted in previous figures are significantly overpredicted and 

the distances to upstream temperature deficiencies of 3 C are over-predicted as well.  The 

term “over-predicted” means “predicted too high”. 

 

Figure 17 shows curves relating horizontal area and minimum temperature deficiency.  

The upper frame shows layer areas on the sea floor in unstratified conditions.  The lower 

frame shows areas on the sea floor in conditions of maximum stratification.  The use of 

these curves can best be illustrated by an example.  Suppose we are interested in the area 

for which the temperature deficiency at the sea floor is 1 C or more when the current is 

flowing at the 10 percentile speed in unstratified conditions.  In the upper frame, draw a 

horizontal line right from the 1 C value on the vertical axis until it intersects the curve 

marked by squares.  From the intersection, draw a line vertically downward to intersect 
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the horizontal axis, where the value is about 400 hectares (0.4 km
2
).  We have just 

determined that 400 hectares are subjected to temperature deficiencies of 1 C or more.  

This is the maximum area subjected to 1 C under any conditions.  Figure 17 allows 

analysts to quickly connect temperature deficiencies to horizontal areas. 

 

As mentioned previously, the decay of the maximum temperature deficiency following 

the cessation of a cool water discharge is of interest.  Figure 18 shows temperature 

deficiency decay curves for the three current speeds in unstratified and stratified 

conditions.  The decay curves are computed from CORMIX prediction files up to their 

end points and from equation (1) thereafter.  Cool water discharges are expected to last 

for 36 hours followed by an off period of about 42 hours.  It is therefore convenient to 

express the independent variable of the decay curves in terms of plume travel time.  

Assuming a uniform current direction and speed, it is easy to calculate distances 

corresponding to any particular travel time.  The time of 42 hours marks the time, 

following cessation of a discharge, when the next discharge will begin.  In examining the 

figure, one can see that the higher the temperature deficiency, the more rapid is the rate of 

decay or decline of temperature deficiency.  One can also see that after 42 hours, the rate 

of decay of temperature deficiency is small.  This implies that large lenses of small 

temperature deficiency can persist for a long time after cessation of discharges. 

 

Another question of interest relates to the dilution of hyprochloride included in the cool 

water effluent.  The initial concentration of hyprochloride is expected to be 0.5 ppm at 

the discharge ports.  Figure 19 shows maximum hyprochloride concentrations as a 

function of travel time after discharge.  Note the logarithmic concentration scales (so 

changes of concentration at large travel times are visible).   

 

4.2 Mitigation Case 

 

For the base case, the previous section demonstrated that the World Bank criterion that 

temperature deficiencies not exceed 3 C outside of a distance of 100 m will be violated 

for ambient conditions typical of New Entry LNG facility location.  We now consider the 

mitigating effect of reducing the discharge port diameters from 58 inches to 30 inches 

(from 1.47 m to 0.76 m).  The ports remain 1 m above the sea floor and 14.2 m below the 

sea surface. 

 

As for the base case, the OOC model was used to model cool water plume properties 

from a single port at the beginning of the discharge.  As before, the calculations show 

plume behavior before the plume has existed long enough to modify its receiving 

environment.  Figures 20 and 21 show side views of the predicted behavior of plumes 

from a single port in conditions of no stratification and maximum stratification, 

respectively.  The three frames in each figure show plume behavior for current speeds of 

0.03, 0.097 and 0.218 m/s (10, 50 and 90 percentile speeds).  The main difference from 

the base case is that the increased exit velocity provided by the reduced port diameter 

forces the cool water effluent to the surface under all current speeds.  This implies near-

field instabilities and full vertical mixing, a situation that CORMIX can analyze.  
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Please remember that Figures 20 and 21 only apply in the first instances after the 

beginning of the discharge, after which instabilities and re-circulation will reduce the 

dilution shown in the figures.  In particular, the reduction of dilution by re-entrainment of 

diluted effluent will act to provide a lower plume temperature and higher density than 

predicted by the OOC model so that the cool water plume will sink to the sea floor and 

spread laterally there. 

 

Figures 22, 23, and 24 show the sea floor distribution of temperature deficiency for the 

mitigation case in unstratified conditions for the 10, 50 and 90 percentile current speeds 

as predicted by the CORMIX model.  The temperature deficiency, T , is the amount by 

which the temperature is decreased from its natural ambient value due to the presence of 

the plume. 

 

Comparing Figures 22, 23, and 24 with Figures 9, 10 and 11 shows significant 

reductions of temperature deficiencies.  In particular no regions containing temperature 

deficiencies of 3 C or more are exhibited.  As the current speed increases, the plumes in 

Figures 22, 23 and 24 become narrower, as one would expect, and upstream intrusion is 

eliminated. 

 

Figures 25, 26, and 27 show distributions of temperature deficiency on the sea floor 

under conditions of maximum stratification and 10, 50 and 90 percentile current speeds, 

respectively.  The appearances of these figures are similar to Figures 22, 23 and 24.  

Significant reductions of temperature deficiencies, compared to Figures 12, 13 and 14 

are apparent here too. 

 

Maximum temperature deficiencies as a function of distance upstream and downstream 

of the cool water outfall are shown in Figure 28 for the mitigation case.  The upstream 

intrusion (negative distances) of the cool water plume induced by the blockage 

phenomenon in 10 percentile currents is clear.  This figure shows that temperatures 

exceeding the World Bank 3 C criterion will not occur outside of the 100 m distance 

limit.  The maximum temperature reported 100 m downstream from the outfall is about 

2.0 C. 

 

For all current speeds and unstratified and maximum stratification conditions in the 

mitigation case, CORMIX 3.20 predicts that the cool water plumes will spread out into a 

layer on the sea floor.  Figure 29 shows the layer thicknesses upstream (negative 

distances) and downstream from the outfall.  The predicted plume thickness at a distance 

of 800 m is 3.0 m or less in conditions of maximum stratification and 2.0 m or less when 

the water column is unstratified.  This is the distance from the outfall to the sea water 

intake. 

 

Figure 30 shows curves relating horizontal area and minimum temperature deficiency.  

The upper frame shows layer areas on the sea floor in unstratified conditions.  The lower 

frame shows areas on the sea floor in conditions of maximum stratification.  The use of 

these curves was illustrated by the example given for Figure 17.  The curves in Figure 30 

demonstrate that temperature deficiencies on the sea are predicted to be 2 C or less, so 
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that the World Bank criterion will be satisfied everywhere on the sea floor.  The 

maximum area subjected to temperature deficiencies of 1 C is predicted to be about 50 

hectares, about 1/8 of the base case value. 

 

Figure 31 shows temperature deficiency decay curves for the three current speeds in 

unstratified and stratified conditions for the mitigation case.  As for Figure 18, the decay 

curves are computed from CORMIX prediction files up to their end points and from 

equation (1) thereafter.  Comparing Figure 31 with Figure 18, it can be observed that 

temperature deficiencies are generally significantly lower when the port diameter is 

reduced.   

 

Figure 32 shows maximum hyprochloride concentrations as a function of travel time 

after discharge for the mitigation case.  Note the logarithmic concentration scales (so 

changes of concentration at large travel times are visible).  Comparing Figure 32 with 

Figure 19, one sees that hyprochloride concentrations are generally reduced when the 

port diameter is reduced.  Little reduction is apparent for the combination of a 90 

percentile current and maximum stratification.   

 

 

5 Discussion and Recommendations 

 

The base case outfall configuration, five 58 inch (1.47 m) ports spaced at 7.5 m intervals 

and 1 m above the sea floor, leads to violations of the World Bank criterion that 

temperature differences in thermal plumes should not exceed 3 C outside a 100 m 

horizontal radius from the source. 

 

The base case outfall can be improved and the thermal plume effects mitigated by 

reducing the port diameter from 58 inch to 30 inch (1.47 m to 0.76 m).  A reducer shaped 

like the frustrum of a cone and approximately 1.5 m long is suggested.  This implies that 

the portion of the reducer and the elbow that turns the effluent flow from horizontal to 

vertical must be buried beneath the sea floor.   

 

For the recommended outfall having 30 inch ports, the results presented in this report 

suggest that areas of the sea floor will be subjected to temperature changes of 2 C or less, 

especially at low current speeds.  These temperature changes will, of course, only occur 

during the times when the gasification facility operates (amounting to 46% of the year).  

Use of the reduced port diameter leads to an eight-fold reduction in the maximum sea 

floor area exposed to temperature deficiencies of 1 C, from 400 to 50 hectares.  The 

significance of a given change of temperature on benthic organisms will be left for others 

to determine.  This report presents the necessary data. 

 

It was mentioned that the volume flux of discharged cool water was a large or significant 

fraction of the ambient water flux at all current speeds examined.  This means that the 

behavior of the cool water plume will not be easily changed by changes in the spacing of 

outfall ports.  Consider Figure 10.  The 30 m long outfall consisting of 5 flowing pipes 
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would appear in the figure as a dot at coordinates (0,0).  The water depth of 15.2 m is 

approximately comparable to the thickness of three of the sheets of paper Figure 10 is 

printed on.  So the outfall is effectively a point source of cool water in a very thin body of 

water.  Adjusting the arrangement of the outfall by changing the inter-pipe spacing to, say 

10 m will change the shape of the point source, but it will still be a point source.  For this 

reason, changes in current direction with respect to the outfall are not expected to 

significantly change results in the far field. 

 

The results reported here are not likely to change significantly if the location of the 

outfall is changed such that small variations of water depth occur. 

 

Two caveats are in order.  First, as mentioned above, computer models have a tough time 

dealing with the discharge conditions described in this report.  Careful laboratory 

experiments remain the best way to deal with such flows.  Second, every CORMIX 

session report ends with these words: 

 

“REMINDER:  The user must take note that HYDRODYNAMIC MODELING by 

any known technique is NOT AN EXACT SCIENCE.  Extensive comparison with 

field and laboratory data has shown that the CORMIX predictions on dilutions and 

concentrations (with associated plume geometries) are reliable for the majority of 

cases and are accurate to within about +-50% (standard deviation).  As a further 

safeguard, CORMIX will not give predictions whenever it judges the design 

configuration as highly complex and uncertain for prediction.” 

 

The CORMIX model results presented in this report indicate that the cool water plume is 

expected to always be located at the sea floor for the range of conditions investigated.  

This, however, cannot be guaranteed by computer modeling.  As indicated above, 

CORMIX predictions are not exact.  If CORMIX has underestimated the amount of 

dilution that will occur, then the cool water plume densities have been overestimated.  

This implies that trapping of the plume within the water column instead of on the sea 

floor is a possibility (because actual plume densities could be less than predicted). 
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Figure 7. OOC model near-field plume predictions for single port in “base case” outfall 

in unstratified conditions.   
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Figure 8. OOC model near-field plume predictions for single port in “base case” outfall 

in conditions of maximum stratification. 
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Figure 9. Sea water temperature deficiency distribution on sea floor for 10 percentile 

current speed in unstratified conditions using “base case” outfall (58 inch 

ports). 
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Figure 10. Sea water temperature deficiency distribution on sea floor for 50 percentile 

current speed in unstratified conditions using “base case” outfall (58 inch 

ports). 
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Figure 11. Sea water temperature deficiency distribution on sea floor for 90 percentile 

current speed in unstratified conditions using “base case” outfall (58 inch 

ports). 
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Figure 12. Sea water temperature deficiency distribution on sea floor for 10 percentile 

current speed in maximum stratification conditions using “base case” outfall 

(58 inch ports). 
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Figure 13. Sea water temperature deficiency distribution on sea floor for 50 percentile 

current speed in maximum stratification conditions using “base case” outfall 

(58 inch ports). 
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Figure 14. Sea water temperature deficiency distribution on sea floor for 90 percentile 

current speed in maximum stratification conditions using “base case” outfall 

(58 inch ports). 
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Figure 15. Temperature deficiency as a function of distance downcurrent for the “base 

case” outfall (58 inch ports).  Temperatures depicted in the upper frame are 

for unstratified conditions.  Temperatures in the lower frame are for 

conditions of maximum stratification. 
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Figure 16. Side views of cool water layer thicknesses as a function of distance for the 

“base case” outfall (58 inch ports).   
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Figure 17. Curves relating horizontal areas to absolute value of minimum temperature 

deficiency for the “base case” outfall (58 inch ports).  Any point on any of 

the curves shows the area for which the temperature deficiency is at least the 

indicated value.  The temperature deficiency is the amount by which the 

water temperature is decreased below the natural ambient temperature by the 

presence of the plume. 
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Figure 18. Temperature deficiencies of a packet in the cool water plume as a function of 

travel time elapsed since the packet was discharged.  Base case outfall. 
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Figure 19. Maximum hyprochloride concentration in a packet in the cool water plume as 

a function of travel time elapsed since the packet was discharged.  Base case 

outfall. 
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Figure 20. OOC model near-field plume predictions for “mitigation case” outfall (30 

inch ports) in unstratified conditions.   
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Figure 21. OOC model near-field plume predictions for “mitigation case” outfall (30 

inch ports) in conditions of maximum stratification. 
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Figure 22. Sea water temperature deficiency distribution on sea floor for 10 percentile 

current speed in unstratified conditions using “mitigation case” outfall (30 

inch ports). 
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Figure 23. Sea water temperature deficiency distribution on sea floor for 50 percentile 

current speed in unstratified conditions using “mitigation case” outfall (30 

inch ports). 
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Figure 24. Sea water temperature deficiency distribution on sea floor for 90 percentile 

current speed in unstratified conditions using “mitigation case” outfall (30 

inch ports). 
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Figure 25. Sea water temperature deficiency distribution on sea floor for 10 percentile 

current speed in maximum stratification conditions using “mitigation case” 

outfall (30 inch ports). 
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Figure 26. Sea water temperature deficiency distribution on sea floor for 50 percentile 

current speed in maximum stratification conditions using “mitigation case” 

outfall (30 inch ports). 
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Figure 27. Sea water temperature deficiency distribution on sea floor for 90 percentile 

current speed in maximum stratification conditions using “mitigation case” 

outfall (30 inch ports). 
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Figure 28. Temperature deficiency as a function of distance downcurrent for the 

“mitigation case” outfall (30 inch ports).  Temperatures depicted in the upper 

frame are for unstratified conditions.  Temperatures in the lower frame are for 

conditions of maximum stratification.. 
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Figure 29. Side views of cool water layer thicknesses as a function of distance for the 

“mitigation case” outfall (30 inch ports).   
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Figure 30. Curves relating horizontal areas to absolute value of minimum temperature 

deficiency for the “mitigation case” outfall (30 inch ports).  Any point on any 

of the curves shows the area for which the temperature deficiency is at least 

the indicated value.  The temperature deficiency is the amount by which the 

water temperature is decreased below the natural ambient temperature by the 

presence of the plume. 

 



Gulf Landing LLC Deepwater Port License Application

A-125Environmental Review October 2003

 45

Travel Time (hours)

T
e

m
p

e
ra

tu
re

D
e

fi
c
ie

n
c
y

(
C

)

0 6 12 18 24 30 36 42 48 54 60 66 72 78 84
0

1

2

3

30 inch, U
a

= 0.03 m/s (10%-ile speed), unstratified

30 inch, U
a

= 0.097 m/s (50%-ile speed), unstratified

30 inch, U
a

= 0.218 m/s (90%-ile speed), unstratified

Travel Time (hours)

T
e

m
p

e
ra

tu
re

D
e

fi
c
ie

n
c
y

(
C

)

0 6 12 18 24 30 36 42 48 54 60 66 72 78 84
0

1

2

3

30 inch, U
a

= 0.03 m/s (10%-ile speed), max. stratification

30 inch, U
a

= 0.097 m/s (50%-ile speed), max. stratification

30 inch, U
a

= 0.218 m/s (90%-ile speed), max. stratification

 
Figure 31. Temperature deficiencies of a packet in the cool water plume as a function of 

travel time elapsed since the packet was discharged.  Mitigation case outfall. 
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Figure 32. Maximum hyprochloride concentration in a packet in the cool water plume as 

a function of travel time elapsed since the packet was discharged.  Mitigation 

case outfall. 
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Appendix A 

Overview of Offshore Operators Committee Model  
 

A.1 Introduction 

 
The discharge model developed by Brandsma and Sauer (1983) under sponsorship of the Offshore 

Operators’ Committee (OOC) simulates the unsteady, three dimensional behavior of offshore effluent 

plumes discharged from a single port outfall. The model has been continuously improved since its original 

release.  The effluent may be drilling mud or cuttings or produced water. The model predicts effluent 

concentration distributions in the water column and the initial deposition distribution of particulates on the 

sea floor. The model has been validated in laboratory (Policastro, 1983; Brandsma et al., 1992) and field 

experiments (O’Reilly et al., 1989; Smith et al., 1994).  A complete re-validation, using 681 model runs, 

has been completed recently (Brandsma and Smith, in preparation).  The model has been used by 

government and industry to estimate the likely behavior and fate of drilling mud and cuttings discharged in 

the marine environment.  The capability to simulate produced water discharges was added several years 

ago and the model has been increasingly used for this purpose.  A mathematical description of the model 

can be found in Brandsma et al. (1992) and in Brandsma and Smith(1999). 

 

The OOC model simulates the behavior of an effluent plume from the time it leaves the discharge port to 

some arbitrary later time and distance. A simulation proceeds in three phases: the initial dilution phase 

where the effluent actively entrains ambient fluid and moves vertically to a level of neutral buoyancy (or 

impinges on the sea surface or sea floor); a collapse phase where the effluent plume spreads at this level; 

and a dispersive phase where particles move in response to local currents and their own characteristic 

vertical velocity (downward for solids, upward for oil droplets). The combined initial dilution and collapse 

phases are often referred to collectively as the “dynamic plume”. The dynamic plume is calculated first. 

Then a complex mass bookkeeping process analyzes the dynamic plume to form the initial conditions for 

the passive dispersion phase.  A LaGrangian (particle following) technique is used in the dispersive 

calculation.  The mass bookkeeping process creates many (usually, several thousand) independent, three-

dimensional Gaussian distributed clouds from the dynamic plume.  These clouds move through the water 

column according to the local ambient currents and grow according to the 4/3rds power law.  For most 

discharges, material exists in the dynamic plume and passive dispersion calculations simultaneously. 

 

The three calculation phases are implemented as separate modules in the program. The initial dilution is 

calculated with an integral plume model that treats the plume from the time it leaves the discharge pipe 

until is contacts a horizontal surface or reaches its level of neutral buoyancy.  This is the phase where the 

effluent is swiftly diluted by the entrainment of ambient water.  The entrainment is driven by the vector 

difference of the velocities of the effluent plume and momentum and buoyancy at the mouth of the 

discharge pipe.  As the effluent plume entrains ambient sea water, its diameter grows and the 

concentrations of constituents in the plume decrease rapidly.  The density of the plume will approach that 

of sea water.  When there is a density gradient, the effluent and ambient densities may become equal.  The 

point where this happens is termed the level of neutral buoyancy or the trap depth.  In the absence of a 

density gradient there is no trap depth, and the plume will reach the surface if it is positively buoyant, or the 

seabed if negatively buoyant.  The determination of when the plume impinges on the surface or seabed is a 

geometric one.  The model deems the surface or sea floor to have been reached when the distance from the 

plume centerline to the surface or sea floor becomes less than 78% of the plume radius.  The 78% allows 

for some deformation of the plume at impingement. 

 

Some of the effluent separates from the main part of the plume because of two mechanisms.  Particulates 

having some vertical velocity (because their density differs from that of sea water) migrate up or down 

from the main plume.  Ambient turbulence and turbulence created by the presence of the discharge pipe has 

been observed to cause separation of a part of the effluent from the main plume, at least when the 

densimetric Froude number of the discharge is less than 1.  There is a question, not yet resolved, whether or 

not turbulent separation applies for discharges having Froude numbers significantly more than 1.  The 
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densimetric Froude number is the ratio of plume momentum to buoyancy.  Small Froude numbers are the 

result of large differences of effluent density from ambient density and low discharge rates. Large Froude 

numbers arise from small density differences and high discharge rates. 

 

After initial dilution, the effluent plume will spread out (collapse) at its trap depth or at the surface or 

seabed if one of these was reached.  Collapse occurs only if there is a density gradient or if the plume 

density when it reaches the surface or seabed is significantly different from that of the surrounding ambient 

fluid.  The collapse phase is terminated when the plume’s spreading rate caused by density differences 

becomes less than the spreading rate associated with ambient turbulent dispersion. 

 

The dynamic and dispersive phases are coupled by a mass bookkeeping process that converts the mass flux 

within the dynamic plume to discrete clouds in the dispersive phase.  The initial dynamics calculations are 

saved at intervals forming a history of the dynamic plume.  Each interval is a potential source of clouds for 

the dispersive phase.  Depending on the characteristics of the particulates and of the effluent plume, some 

of the particulates will separate from the plume because of their differing density.  A small fraction of the 

particulates and some of the effluent fluid may separate from the main body of the plume because of 

turbulence near the discharge pipe.  In either case, the flux of these constituents from one interval to the 

next may change.  The flux change of each constituent as it passes through the interval determines the 

number and mass content of clouds created from that interval.  Any mass flux remaining at the end of the 

dynamic plume also acts as a source of clouds.  Visualize the dynamic plume as a leaky pipe composed of 

connected intervals, fixed in space, with a leak in each connection. The mass inflow to each interval and the 

leakage rate of that interval determines the flow passed on to the next interval.  Each leak in the pipe is a 

source of clouds to be passively dispersed. Clouds from any one interval always have the same initial 

position in space, but different creation times.  Sizes of the created clouds are based on the plume 

dimensions at the point they are created, together with the ambient current speed and the time interval 

between clouds.  Once a cloud is created, it is free to be advected and dispersed by local ambient currents 

and turbulence.  The mass distribution of each cloud is assumed to be Gaussian in three dimensions, a 

mathematically convenient form. 

 

The final computational phase is passive dispersion, applied separately to each constituent of the effluent.  

The only remaining dynamic property is the vertical velocity associated with each of its particulate 

constituents (e.g., solids or oil droplets).  Here, the effluent constituents are advected by ambient currents, 

dispersed by ambient turbulence, and migrate vertically according to their vertical velocity.  Horizontal 

dispersion of clouds is calculated using the 4/3 power law for oceanic dispersion (Fischer et al., 1979).  

This law says that the horizontal dispersion coefficient is proportional to the horizontal length scale of the 

dispersing substance, raised to the 4/3 power.  The dispersive phase calculations are organized around a 

simulation grid consisting of a rectangular region with its principal axes parallel to the cardinal directions 

of the compass (north-south, east-west).  The simulation grid is subdivided into contiguous, square cells.  

Clouds are advected until they are fully deposited on the sea floor (if they are settling solids) or carried 

outside the boundary of the simulation grid.  A single cloud of solid particles typically deposits its contents 

in a band paralleling the current direction. 

 

The concentrations of suspended particulates or of tracer or of the fluid portion of the effluent in the water 

column at any point are calculated by summing the contributions from individual clouds using the 

mathematical description for Gaussian clouds.  In practice, only the clouds near enough to the point to 

make a significant contribution are used in the calculation.  The OOC model organizes points into 

concentration profiles that lie on vertical lines extending from the water surface to the sea floor.  

Concentration profiles can be placed anywhere in the simulation grid. 

 

OOC model outputs are provided in plain text (ASCII) data files. so that results are portable between 

machines.  These files can be read by post-processing programs to prepare tabular or graphical data 

products. 

 

OOC model output has been used to produce: 

suspended solids and tracer concentration distributions through arbitrary cross-sections of the water 

column, 
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graphs of maximum concentration versus distance downcurrent, 

volume visualizations of iso-concentration surfaces, 

animations of effluent plumes in tidal currents, 

contour plots of solids deposited on the sea floor, 

graphs of deposition amounts versus sea floor area, 

graphs of maximum deposition as a function of distance, 

tables of specific contaminant concentrations as a function of distance. 
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Appendix B 

CORMIX Model Overview 

 
The Cornell Mixing Zone Expert System (CORMIX) is a software system (Doneker and Jirka, 1990; Jirka 

et al., 1996) for the analysis, prediction and design of aqueous toxic or conventional pollutant discharges 

into diverse water bodies.  It was developed under several cooperative funding agreements between Cornell 

University and the U.S. Environmental Protection Agency 

 

The CORMIX system uses a rule-based expert system approach to data input and processing.  The 

CORMIX system leads the user through a dialog, giving guidance as needed, while the user specifies the 

problem to be analyzed.  CORMIX consists of three subsystems: 

CORMIX1: analysis of submerged single port discharges 

CORMIX2:  analysis of submerged multi-port discharges (diffusers) 

CORMIX3:  analysis of buoyant surface discharges (from a canal) 

The basic CORMIX methodology relies on the assumption of steady ambient conditions.  However, recent 

versions also contain special routines for application to highly unsteady environments, such as tidal reversal 

conditions, in which transient recirculation and pollutant build-up effects can occur. 

 

The system’s major emphasis is on the initial mixing zone, but it also predicts for larger distances.  The 

system is intended for use in complying with water quality regulatory constraints.  CORMIX is presently 

used by the U.S. EPA for setting allowable effluent concentrations, including Gulf of Mexico produced 

water discharges. 

 

CORMIX divides the problem domain into a series of subregions.  Any single dilution problem will 

involve the linkage of several of these subregions to form a complete solution for the problem.  The choice 

of sub-regions is by a decision tree whose branches depend on critical values of several non-dimensional 

parameters.  A non-dimensional parameter is a grouping of dimensional values (e.g., discharge rate, current 

speed, water depth, etc) where the grouping is such that the grouping is dimensionless.  Dimensionless 

groupings commonly used in plume modeling include the Reynolds number, the densimetric Froude 

number and the stratification parameter.  CORMIX uses many others.  In many cases the critical values 

apply to asymptotic solutions the problems handled by the various subregions.  In general the equations 

solved in each sub-region are simplified. 

 

Indeed, CORMIX simplifies its task by restricting inputs to ideal cases:  constant water depth, constant 

current speed and direction, continuous discharges, etc.  CORMIX allows inputs for the following: 

Bounded channels: rivers, estuaries 

Unbounded channels: ocean, lakes 

Uniform current 

Three types to ambient density profiles 

Effluent is fluid only (no particles) 

Buoyant (positive, negative or neutral) 

CORMIX relies on the existence of a mixing zone.  A mixing zone is defined as a area or volume where 

numeric water quality criteria can be exceeded as long as acutely toxic conditions are prevented.  A mixing 

zone can be thought of as a limited area or volume where the initial dilution of a discharge occurs.  Water 

quality criteria apply at the boundary of the mixing zone, not within the mixing zone itself (course notes, 

EPA Mixing Model Workshop, 1998). 

 

CORMIX uses a flow classification system to guide its calculations.  Dimensional parameters related to the 

problem are input by the user (e.g.: ambient current speed, discharge flow rate or exit velocity, orifice 

diameter, water depth, ambient density, discharge density, etc).  From these, a series of length scales are 

calculated.  Typical length scales are:  jet-to-plume transition, jet/crossflow transition, plume/crossflow 

transition, jet/stratification transition, plume/stratification.  The non-dimensional ratios of these length 

scales are used to classify the mixing problem into one of 35 flow classes (for CORMIX1, single port 

outfalls).  The flow class is the basis for choosing appropriate computational modules for the problem at 
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hand.  Recent versions of the CORMIX system replaced some flow classes and modules with CORJET, an 

integral buoyant jet model (Jirka and Fong, 1981). 
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Executive Summary 
 

The Gulf Landing LNG facility will discharge cooled sea water during operation.  This 

report is an analysis of the behavior of the cool water plumes from this facility.  The base 

case, analyzed here, is a continuous discharge of 20,000 m
3
/hr having a temperature 

deficiency of 10 C (18 F) and a hyprochloride concentration of 0.5 ppm.  The 

temperature deficiency is the ambient sea water temperature minus the temperature of 

water discharged by the LNG facility.  Two outfall configurations were investigated: a 

single port and a diffuser.  The single port is 2.55 m in diameter, oriented vertically 

upward.  Its mouth is 3 m above the sea bed and is expected to be incorporated in a 3 m 

tall concrete structure on the sea floor.  The diffuser has 25 ports, each 0.3049 m (12 

inch) in diameter, spaced at 4 m intervals, making a total diffuser length of 96 m.  The 

diffuser ports are also 3 m above the sea floor. 

 

The U.S. EPA’s CORMIX model (version 3.2) was used for this analysis, supplemented 

by the Offshore Operators Committee discharge model where necessary.  Visitation 

probability and far-field dilution models developed at Brandsma Engineering were also 

used. 

 

Ambient conditions used in the analysis were set based on currents and hydrographic 

conditions measured in the nearby region.  No in situ measurements were available.  

Current speeds exceeded 90, 50 and 10% of the time were estimated to be 0.03, 0.097 and 

0.218 m/s, respectively.  Hydrographic measurements indicated that ambient density 

gradients ranged from 0.0 kg/m
3
/m (unstratified) to about 0.19 kg/m

3
/m (strongly 

stratified).   The strong stratification was due almost entirely to the formation of a 

halocline, little temperature variation was observed in individual temperature profiles. 

 

The single port creates an unstable mixing region featuring near-field instabilities and full 

vertical mixing.  This mixed region will restratify and form a dense cool water layer on 

the sea floor, probably within 200 m or so of the discharge port.  In slow currents, the 

vertically mixed region near the discharge can collapse and spread in all directions (up to 

400 m upstream).  A persistent lens of cool water will form on the sea floor with 

thicknesses ranging from 1.5 m to 2.0 m.  Temperature deficiencies at a distance of 

100 m are 1 C or less on the sea floor.  Hyprochloride concentrations are expected to be 

0.05 ppm or less on the sea floor. 

 

The diffuser does an excellent job of mixing the cool water with the ambient sea water, 

under most conditions, so that a pool of water slightly cooler than the surrounding 

ambient water occupies much of the water column and is widespread in the area around 

the diffuser.  The diffuser plume fills the water column near the diffuser and occupies the 

lower 1/3 to 2/3 of the water column at a distance of 500 m.  Upstream intrusions of the 

cool water lens of about 300 m are possible in slow currents.  Temperature deficiencies of 

0.1 to 0.6 C are reported at distances of 100 m and up.  Corresponding hyprochloride 

concentrations are expected to be 0.005 to 0.03 ppm. 

 



Deepwater Port License Application Gulf Landing LLC

A-138October 2003 Environmental Review

 iv

Occasionally, when fast currents flow parallel to the diffuser, the diffuser will perform 

poorly and provide little dilution.  If the diffuser axis is oriented north-south, this is 

expected about 1.6 percent of the time.  The temperature deficiency predicted when this 

occurs is about 6 C and the resulting cool water plume thickness will be less than 1 m.  

The persistence of such events is expected to be 12 hours or less. 

 

Distributions of the probability of cool water released from the outfall visiting any 

location around the outfall within a certain travel time horizon were calculated.  All 

available near bottom currents measured at LATEX site 20 were used for this analysis.  

The distributions can be represented by closed contours surrounding the outfall.  As the 

travel time horizon increases, the contours expand.  For a travel time horizon of 36 hours, 

the 20% visitation probability contour extends approximately 3000 m east and west of the 

outfall and approximately 2000 m north and south of the outfall.  This means that there is 

a 20% probability that the cool water plume will visit the intake location within 36 hours 

after discharge during a year’s operation of the LNG facility (assuming the intake is 

located less than 2000 m away from the outfall). 

 

The far-field model (using all available near bottom data from LATEX site 20) predicted 

the distribution around the outfall of maximum temperature deficiencies expected during 

one year’s operation of the LNG facility. 

 

For the single port outfall, maximum temperature deficiencies in a small area near the 

outfall of more than 2.4 C were reported.  Near the outfall, maximum temperatures 

declined rapidly in the first few hundred meters of distance from the outfall and more 

slowly thereafter.  A significant area may see maximum temperature deficiencies 

exceeding 1 C.  These maximum temperature deficiencies will be restricted to a 1.5 to 2 

m thick layer on the sea floor. 

 

The far-field distributions of maximum temperature deficiencies of cool water discharged 

from the diffuser exhibit an almost uniform maximum temperature deficiency of about 

0.5 C  within 4000 m of the outfall.  This maximum temperature deficiencies occur in the 

lower 1/3 to 2/3 of the water column.  In effect, the diffuser creates large plumes of water 

slightly cooler than the ambient water and these plumes wander about near the discharge, 

decaying very slowly, and in combination covering the entire area within 4 km of the 

outfall during one year’s operation.   This means that entrainment of diluted cool water 

from the diffuser into the sea water intake will occur regularly during one year’s 

operation of the facility.  The temperature deficiency, however, will be much less than 

yearly fluctuations of the natural ambient temperature expected at the Gulf Landing site. 

 

A mid-water depth is recommended for the intake cage when a single port outfall is used.  

This would also work with a diffuser.  The horizontal separation between the intake and 

the outfall should be as large as practicable and not less than 200 m. 

 

Both the single port and diffuser configurations reduce the temperature deficiency T to 

1.1 C or less at a 100 m distance from the discharge under most ambient conditions.  

Roughly 1.6% of the time the diffuser will allow T=6 C at the 100 m distance.  For 
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comparison, the World Bank criterion for thermal discharges from power plants is T < 

3 C at a 100 m. 

 

The report concludes with a caveat that computer models are approximate, especially for 

conditions postulated for the Gulf Landing outfall.  Careful laboratory experiments 

remain the best way to predict plume behavior under such conditions. 
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1 Introduction 

 

The Gulf Landing facility to gasify liquified natural gas (LNG) offshore Louisiana is in 

the design stage.  The thermal energy to gasify the LNG is to be extracted from ambient 

sea water.  The by-product of this process will be cooled sea water that is to be 

discharged from the facility.  This report investigates the behavior of cool water plumes 

from two possible outfall configurations, a single-port aimed vertically upward and a 

horizontal diffuser.  The volume flux of cooled sea water will be 20,000 m
3
/hr for the 

“base” case.  The discharged sea water is expected to be 10.0 C (18 F) cooler than the 

ambient sea water.  The facility will discharge cool water continuously throughout the 

year.  The discharged cool sea water will also contain hyprochloride at a concentration of 

0.5 ppm. 

 

This report provides an assessment, based on computer modeling, of the nature and 

extent of the cool water plumes expected when the gasification facility is operating.  The 

plume temperatures are expressed as temperature deficiencies, the difference between the 

ambient water temperature and the cooler plume temperature.  The following subjects are 

covered: 

description of the data used for modeling, consisting of the discharge and ambient 

conditions, 

description of the modeling methods, 

presentation of the results for the distribution of temperature deficiencies and 

hyprochloride concentrations, 

discussion and recommendations. 

 

2 Modeling Data 

 

Modeling data was obtained from e-mail messages and attachments sent by Continental 

Shelf Associates, Inc. 

 

2.1 Bathymetry 

 

The preliminary location of the facility is in the West Cameron lease area, block 213.  

The water depth is approximately 55.8 ft (17 m) and the sea floor is relatively flat, owing 

to its location on the continental shelf.  

 

2.2 Currents 

 

No current measurements are available in situ.  However, data from a study, LATEX, 

sponsored by the U.S. Minerals Management Service is available at a location near the 

Gulf Landing facility (Shell, Preliminary Oceanographic Criteria document).  Site 20 of 

the LATEX study lies about 35 nautical miles west of Gulf Landing.  Owing to the 

similarity of water depth, distance offshore and coastal configuration, the Site 20 data are 

considered to be representative of conditions at Gulf Landing.   
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Measurements were taken at depths of 3 and 12 m in water 14 m deep.  The upper meter 

was deployed from 5/31/92 to 11/30/94.  The lower meter was deployed from 4/13/92 to 

11/30/94.  Despite periods of missing data, the quantity of data provided allowed for 

calculation of reliable statistics.   

 

Modeling reported in this document is based on the Site 20 data.  The marginal 

distributions from the joint distribution tables for current speed and direction reported in 

Shell’s “Preliminary Oceanographic Criteria” document were used to prepare plots of 

current speed vs. probability of exceedance (Figure 1) and of current direction vs. 

probability
1
 (Figure 2).  The curves show the statistics for the individual periods of good 

data records.  There is considerable variation exhibited in these figures, making the 

selection of representative current conditions difficult. 

 

An estimate of the cumulative marginal distributions of current speed and direction for 

the entire measurement period was undertaken.  The joint distribution tables for currents, 

contained in the “Preliminary Oceanographic Criteria” document give the percentage of 

the sample times that each speed and direction band in the tables occurred.  The number 

of days in each measurement period was reported.  Therefore the number of , say, hourly 

measurements that fall within a certain band of speed or direction for a single 

measurement period can be computed as the product of the number of days in the period, 

the percentage of measurements in the band and the number of hours in a day.  This 

calculation was made for the marginal distributions of speed and direction in each joint 

distribution table.  The measurement counts thus obtained were summed for each speed 

and direction band in the marginal distributions, divided by the total number of 

measurement counts and multiplied by 100%.  The results were cumulative distributions 

of current speed (Figure 3) and current direction (Figure 4). 

 

Subsequent to the work described in the previous paragraph, the data files for the top and 

bottom meters at LATEX site 20 were made available.  Cumulative joint probability 

distributions of current speed and direction were prepared from this data, as shown in 

Tables 1 and 2. 

 

Examination of Figures 1 and 3 shows a considerable difference in speeds between the 

upper and lower meters.  Owing to the outfall discharging cool water near the sea floor, 

currents from the lower meter were used for modeling. 

 

Usual practice for picking current speeds to use for modeling effluent discharge is to use 

the speeds exceeded 10%, 50% and 90% of the time.  The speed exceeded 90% of the 

time is the 10 percentile speed.  Consulting the “Bot, All Data” curve in Figure 3, this 

speed is 3.0 cm/s.  Using the same curve, the speed exceeded 50% of the time (the 

median or 50 percentile speed) is 9.7 cm/s.  The speed exceeded 10% of the time (the 90 

percentile speed) is 21.8 cm/s.  These three current speeds were used for modeling. 

 

                                                           
1 In oceanographic usage, current direction is the direction the current flows toward. 
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Examination of Figure 4 shows that there is not a lot of variation of direction probability 

for the currents measured at the lower meter (in contrast to the upper meter, for which a 

tendency to westward flow is evident).  There is a small tendency of the bottom currents 

to flow towards the west. 

 

Table 1 

Cumulative Distribution (Percent) of Current Speed and Direction, 

Top Meter LATEX Site 20 
Direction (degrees) SPEED 

(cm/s) N NE E SE S SW W NW 
TOTAL

  5 0.48 0.35 0.34 0.34 0.43 0.42 0.44 0.39 3.18

10 1.26 1.05 0.70 0.77 1.06 1.13 1.26 1.17 8.40

15 1.79 1.48 1.08 1.02 1.11 1.65 2.11 1.97 12.20

20 1.78 1.54 1.38 1.19 0.96 1.78 3.20 2.55 14.38

25 1.27 1.29 1.36 0.87 0.83 2.00 4.13 2.10 13.85

30 1.15 1.18 0.95 0.70 0.63 1.87 3.73 1.68 11.90

35 0.60 0.86 0.87 0.45 0.55 1.55 3.51 1.19 9.59

40 0.40 0.60 0.42 0.26 0.44 1.17 3.00 1.13 7.43

45 0.34 0.54 0.55 0.20 0.24 0.91 2.36 0.75 5.89

50 0.26 0.25 0.40 0.15 0.09 0.95 2.07 0.57 4.74

55 0.14 0.21 0.22 0.07 0.05 0.65 1.33 0.33 3.01

60 0.07 0.07 0.17 0.04 0.02 0.51 0.87 0.19 1.93

65 0.07 0.03 0.19 0.04 0.01 0.37 0.71 0.11 1.53

70 0.04 0.03 0.11 0.01 0.02 0.20 0.46 0.04 0.91

75 0.03 0.02 0.09 0.00 0.00 0.12 0.27 0.01 0.54

80 0.01 0.00 0.05 0.01 0.01 0.04 0.15 0.00 0.28

85 0.03 0.00 0.01 0.00 0.01 0.04 0.08 0.00 0.17

90 0.00 0.00 0.00 0.00 0.00 0.02 0.03 0.00 0.06

95 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.01

100 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.01

TOTAL 9.72 9.49 8.87 6.13 6.48 15.38 29.73 14.20 100.00

 

Table 2 

Cumulative Distribution of Current Speed and Direction, 

Bottom Meter LATEX Site 20 
Direction (degrees) SPEED 

(cm/s) N NE E SE S SW W NW 
TOTAL

  5 2.10 2.75 2.95 2.38 1.87 1.98 2.27 2.31 18.61 

10 3.72 5.04 4.79 4.03 3.91 3.77 4.19 3.42 33.24 

15 2.36 3.83 3.01 2.88 3.43 3.00 4.58 2.21 25.3 

20 0.96 1.33 1.18 1.16 1.80 1.49 3.03 1.09 12.03 

25 0.23 0.53 0.63 0.58 0.87 0.79 2.11 0.52 6.25 

30 0.10 0.22 0.27 0.15 0.32 0.27 1.30 0.15 2.79 

35 0.04 0.18 0.14 0.04 0.07 0.08 0.56 0.04 1.15 

40 0 0.04 0.04 0.02 0.04 0.03 0.25 0.01 0.43 

45 0 0.03 0 0.01 0.01 0 0.09 0 0.14 

50 0 0.01 0 0 0.01 0 0.03 0 0.05 

55 0 0 0 0 0 0 0.01 0 0.01 

TOTAL 9.51 14.33 13.01 11.24 12.33 11.43 18.42 9.74 100 
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Figure 1. Current speed vs. probability curves for individual measurement periods.  

The upper frame represents measurements 3 m below the surface.  The lower 

frame represents measurements 12 m below the surface (2 m above the sea 

floor). 
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Figure 2. Current direction vs. probability curves for individual measurement periods. 

The upper frame represents measurements 3 m below the surface.  The lower 

frame represents measurements 12 m below the surface (2 m above the sea 

floor). 
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Figure 3. Current speed vs. probability curves for all measurement periods, combined. 
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Figure 4. Current speed vs. probability curves for all measurement periods, combined. 
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2.3 Hydrography 

 

Ambient salinity and temperature profiles can have an effect on effluent plumes.  

Changes in salinity and temperature with depth can create density gradients within the 

water column.  The interaction of ambient density gradients with effluent density 

influences the vertical motion of effluent plumes. 

 

Texas A&M University has sponsored oceanographic cruises that measured hydrographic 

profiles near the Gulf Landing site.  Data from cruises 92G04 and 92G10 was plotted 

(Figure 5).  The bottom frame of Figure 5 shows the density
2
 profiles corresponding to 

the measured temperatures and salinities.  The bottom frame exhibits both unstratified  

and strongly stratified conditions.  Stratification is expressed as dyd t / , which ranges 

from 0.0 for unstratified conditions to about 0.2 for the maximum stratification. 

 

The ambient water density for the unstratified case was taken to be t =20 (based on 

Station 10, Cruise 92G10).   

 

As shown in Figure 5, most density variations were due to salinity variations, so a 

composite of the two greatest salinity gradients were used to establish conditions for 

maximum stratification conditions.  The composite maximum salinity gradient was 

approximately 0.25 ppt/m.  Stratified conditions develop when the surface salinity is 

reduced by rainfall or river flows.  This has implications for operation of the gasification 

facility.  Assume that water for the gasification plant intakes comes from mid-depth in 

the water column, and assume the surface water has a salinity of 30 ppt.  With the 

maximum gradient, the salinity at the sea floor (17 m below the surface) will be 

34.25 ppt.  The salinity at mid-depth will be 32.125 ppt.  In the absence of cooling, the 

water, discharged near the sea floor, will be buoyant and try to rise towards the surface.  

Assume a water temperature that is the average of observed temperatures at stations 1-4 

of cruise 92G04 (when salinity gradients were observed), 19 C.  The calculated sea water 

densities at the surface and bottom are then 21.205 and 24.449 sigma-t units (1021.205 

and 1024.449 kg/m
3
).  The corresponding density gradient is 0.191 kg/m

3
/m (also t/m). 

 

If the water from mid-depth is cooled 10.0 C, so its temperature is 9.0 C, its density will 

be 24.868 sigma-t units and it will be slightly heavier than the surrounding ambient water 

when it exits the discharge ports.   

 

The unstratified case (density = 1020 kg/m
3
) and the stratified case (surface density = 

1021.205 kg/m
3
, bottom density = 1024.449 kg/m

3
) were both used for modeling. 

                                                           
2 Oceanographers express sea water density in Sigma-t ( t ) units.  Sigma-t = 1000 (1 – density), where 

density is in g/cm3.  If density is given in kg/m3, the corresponding Sigma-t = density – 1000. 
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Figure 5. Temperature and salinity profiles measured near the Gulf Landing site.  The 

sigma-t profiles in the plot frame at the bottom of the figure were computed 

from the temperature and salinity profiles. 

 

 

2.4 Tides 

 

Tidal fluctuations were not considered in this study.  The variation in water depths due to 

the approximately 1 m difference between highest and lowest astronomical tides (a 6% 

variation of total depth) is not expected to significantly effect the results of this study. 
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2.5 LNG Warming Water System 

 

The gasification facility is identified as a gravity based system (GBS) and is expected to 

employ seven sea water lift pumps that will draw their water from an intake cage located 

at an elevation in the water column that is yet to be determined.  The water is to be 

continuously discharged through two 1.8 m (72 inch) discharge lines.  At the end of the 

discharge lines, there will be one of two possible outfall configurations.  One is a 

horizontal diffuser up to 100 m long (the length comes from a layout sketch).  The other 

is an outfall structure containing a single upward directed port 2.55 m in diameter (area 

equivalent to two 1.8 m lines).  The intake cage is to be located southeast of the facility.  

The outfall is to be located to the southwest of the facility.   

 

In the base case considered in this report, the sea water flow rate is expected to be 

20,000 m
3
/hr (5.56 m

3
/s).  The discharged sea water will be 10 C (18 F) cooler than its 

temperature at the intake cage.   

 

2.6 Outfall Configurations 

 

It is necessary to select a location of the outfall with respect to the gasification facility 

and to select the outfall configuration.  Under unstratified ambient conditions, the cool 

water plume will sink to the sea floor and form a cool water layer there.  Under stratified 

conditions, the cool water plume may rise or sink, possibly forming a layer within the 

water column.  In order to take advantage of the dilution capability of the site, it is best to 

place the outfall just above the sea floor and aim the discharge ports upward.  This may 

result in some disturbance of the surface water in the immediate vicinity of the outfall.  

Given the tendency of the cooled sea water to sink, no significant interaction with the sea 

surface is expected.  A location near the sea floor is also best for the safety of vessels 

operating in the area.  

 

Aiming the discharge ports strongly upward is necessary to avoid a phenomenon called 

Coanda attachment, wherein effluent plumes discharged near solid boundaries attach 

themselves to the boundaries.  The attachment occurs because effluent plumes try to 

entrain ambient water into themselves.  The presence of a nearby solid boundary creates a 

sort of vacuum between the plume and the boundary and the plume is sucked over to the 

boundary.  To avoid this the ports should be aimed 45 to 90 degrees above horizontal.  

Normally, one would try to aim the ports in the downcurrent direction
3
.  For the Gulf 

Landing location, however, no strong directional trend is evident for currents near the sea 

floor (Figure 4).  The highest probability is for the ambient current to flow westward.  

Therefore an outfall location west of the gasification facility is preferred.  If other 

considerations preclude a location to the west, other directions would work just about as 

well. 

 

                                                           
3 Plumes from ports aimed towards the ambient current tend to be blown back to the port and thus reduce 

the effective dilution achievable from the port. 
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The discharge ports should be aimed vertically upward to prevent effluent plumes being 

blown back onto themselves by an adverse current.  This applies to the single port and 

horizontal diffuser configurations.   

 
2.6.1 Single Port Outfall 

 

The single port configuration will be contained in an X by X by X concrete block, where 

X is 3 to 4 m.  As suggested above, the orientation should be vertically upward.  The port 

diameter, 2.55 m, is calculated to provide an area equivalent to that of two 1.8 m 

discharge lines.  The port height above the sea floor is set to 3 m, the assumed height of 

the concrete block. 

 
2.6.2 Horizontal Diffuser 

 

A sketch from Shell GS suggested that the horizontal diffuser could be 100 m long.  The 

configuration envisioned for the diffuser is a set of vertical riser pipes attached to a 

horizontal diffuser manifold.  In order to use a standard pipe size for risers, a port 

diameter of 0.3049 m (12 inches) was selected.  The port area is 0.073 m
2
.  In order to 

provide good initial mixing and to keep sediment from entering the outfall, a minimum 

port exit velocity of 3.0 m/s was selected.  A discharge coefficient of 1.0 was assumed for 

the risers (no flow constriction at the ends of the risers).  The total port area required is 

5.56 m
3
/s/3.0 m/s = 1.8533 m

2
.  The total number of ports required is 1.8533/0.073 = 

25.4, say 25.  There are then 24 intervals between ports and if we set the spacing at 4 m, 

the total length of the diffuser is 96 m.  A rule of thumb is that the total port area should 

be 1/3 to 2/3 of the cross-sectional area of the diffuser manifold.  A manifold 2.44 m (96 

inches) in diameter will make the port area/manifold area ratio = 0.396.  The last 

configuration item is the height of the ports above the sea floor, and this was set to 3.0 m. 

3 Modeling Procedure and Tools 

 

3.1 Dilution of Waste Water Discharged to the Ocean 

 

There are three sources of energy to drive the dilution of wastewater discharged to the 

ocean: the initial momentum of the wastewater, the initial buoyancy (positive or 

negative) of the wastewater, and the natural turbulent eddies of the ocean.  The initial 

momentum is governed by the speed at which the wastewater exits the discharge 

structure, whether it be a single open pipe or a multi-port diffuser.  The initial buoyancy 

is governed by differences in concentrations of dissolved solids and temperature between 

the wastewater and the receiving ocean water.  These differences lead to differences in 

the densities of the wastewater and ambient sea water.  If the wastewater is denser than 

the surrounding sea water, it sinks; if it is lighter than sea water, it rises.  The combined 

influence of momentum and buoyancy drives the wastewater plume to move through the 

ambient receiving water.  As the plume does so, it rapidly entrains the ambient water and 

this creates strong mixing and results in rapid dilution.  When the momentum and 

buoyancy of the plume are dissipated (because of mixing with the ambient receiving 

water, possible interaction with ambient density gradients, and possible interaction with 
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the surface or sea floor) the only remaining energy for mixing comes from oceanic 

turbulence.  At this point, dilution continues, but at a slower rate. 

 

In many cases, the initial dilution of a wastewater plume can be effected by outfall design 

that takes advantage of the initial buoyancy and is configured to provide the optimal 

amount of initial momentum.  Design changes can have a noticeable effect in the far-field 

only when the volume flux of effluent is a small fraction of the volume flux of ambient 

water flowing by the diffuser.  The ratio of the two volume fluxes can be estimated by 

dividing the effluent volume flux by the product of the diffuser length, the water depth 

and the current speed. 

 

For the diffuser in the 10 percentile current established in section 2.3, the ambient volume 

flux is 96 m x 17 x 0.03 = 49 m
3
/s, and the flux ratio is 5.56/49 = 0.113.  The cool water 

volume flux is about 11% of the ambient volume flux.  For the 50 and 90 percentile 

speeds, the ratio is 0.035 and 0.016.  All these flux ratios are low enough that design 

changes to the diffuser should be reflected in far-field dilution results. 

 

Considering the single port, the plume width at the end of initial dilution will be roughly 

10 m and it will occupy the full water depth, 17 m.  So the ambient volume flux for the 

10 percentile current is 10 x 17 x 0.03 = 5.1 m
3
/s.  The volume ratio is 5.56/5.1 = 1.09.  

For the 50 and 90 percentile currents, the volume ratio is 0.34 and 0.15, respectively.  

These ratios suggest that changes in the size and orientation of the single port will be 

noticeable in the far-field only at the higher current speeds expected at the facility. 

 

The combination of a cool water effluent that wants to sink, the injection of the effluent 

upward at high velocity into a relatively shallow water column, and the large volume flux 

of that effluent in comparison with the ambient volume flux will lead to instability, 

recirculation and re-entrainment in the region near the outfall (Figure 6).  As illustrated 

in the figure, the region surrounding the outfall will be subject to strong vertical fluid 

motions and the cool water effluent will be mixed throughout the water column.  Much of 

this mixing will involve the re-entrainment of previously discharged cool water and this 

will reduce the effective dilution.  Because of the negative buoyancy of the cool water, it 

will spread upstream under the slower current speeds expected at the site.  At some 

distance from the outfall, the water column will restratify and the cool water plume will 

form a layer on the sea floor.  This layer will be exhibited as a large, persistent region of 

somewhat depressed temperatures.  The cool water discharge from the Gulf Landing 

facility will behave in this way.  

 

 

current

 
 

Figure 6.  Unstable flow pattern for cool water effluent. 
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3.2 Approach 

 

CORMIX version 3.2 was used to model the cool water plumes originating from a single 

port and from a 96 m horizontal diffuser under selected ambient conditions, three current 

speeds and stratified and unstratified ambient sea water density profiles.  The diffuser 

performance was checked for currents flowing at angles of 90, 45 and 0 degrees 

measured from the diffuser axis. 

 

The CORMIX modeling results were supplemented by detailed dynamic plume results 

from the CORJET subsystem of CORMIX, where possible.  There were three cases that 

CORJET failed to run and for these cases, the OOC model was used to compute the 

dynamic plume.  The dynamic plume results were used to add some detail to the results 

reported in CORMIX prediction files.  In some conditions, the effluent flow is a 

significant fraction of the ambient flow and this leads to unstable conditions involving the 

full water column.  The CORMIX session reports report this behavior, but it is not shown 

in the associated prediction file. 

 

The output of the CORMIX system provides numeric results describing gross plume 

behavior and some unsatisfactory plume graphics.  The dynamic plume results and 

CORMIX prediction file results were combined to provide plan and elevation views of 

boundaries and maximum temperature deficiencies as a function of down-current 

distance. 

 

The physical dilution predicted by CORMIX can be applied to hyprochloride 

concentrations as well as temperature deficiencies.  The hyprochloride concentration 

within the cool water plume at some distance from the discharge point (or time in steady 

currents) is calculated as the initial concentration divided by the dilution factor. 

 

The longer term behavior of the cool water plume is also of interest, as the efficiency of 

the gasification process may be reduced if previously discharged, diluted cool water is 

taken into the sea water intake.  So it would be helpful to estimate the probability that 

aged cool water from a previous discharge time will revisit the outfall location.  It would 

also be helpful to estimate the maximum temperature deficiency that might be expected 

at any particular location measured from the outfall. 

 
3.2.1 Probability of Cool Water Lens Impingement on Intake Cage 

 

There has been some previous work on this question.  Brandsma and Smith (1996) 

addressed the question of a plume revisiting the point of discharge for a produced water 

outfall in the central Gulf of Mexico in open water 82 m deep.  They concluded that 

water packets returned to the discharge location sufficiently to allow temporary 

reductions of effective dilution only about 3.6 percent of the time for which current 

records were available.  This estimate was based on progressive vector calculations from 

current meter records.  Another study in the central Gulf (Science Applications 

International, 1989) found a water packet return probability of 6 percent.   

 



Deepwater Port License Application Gulf Landing LLC

A-152October 2003 Environmental Review

 13

The visitation probabilities for the Gulf Landing facility are expected to be higher 

because the currents in the area are expected to be weak, with lack of a strong directional 

trend.  Shell’s “Preliminary Oceanographic Criteria” document gave mean current 

component speeds of 1.1 cm/s south and 0.6 cm/s west at LATEX mooring 20 near the 

sea floor.  The cool water plume will rest on the sea floor. 

 

It is possible to calculate visitation probabilities around the outfall site.  This is done by 

setting up a grid around the outfall location and counting the number of times a cloud of 

diluted effluent overlays each cell of the grid. This requires a time series of current speed 

and direction at the outfall.  Clouds released from the outfall and advected by the currents 

measured at the outfall are allowed to travel to some limiting time following release, the 

time horizon.  Whenever a cloud contacts a grid cell, the visitation count for that cell is 

incremented.  Division of the count in each cell by the total number of clouds released 

yields the visitation frequency for that cell.  This is the probability of finding a cloud that 

has traveled for the time horizon or less at the cell.  Given an initial dilution and cloud 

size, the maximum concentration for a specified travel time can also be calculated.  

Minimum dilutions, maximum tracer concentrations or maximum temperature 

deficiencies can be recorded.  Details of this process are in sections 3.5 and 3.6. 

 

 

3.3 Offshore Operators Committee (OOC) Model 

 

The OOC model was used to simulate the initial cool water plume behavior for the single 

port outfall and for a single port of the diffuser.  The model was developed by Brandsma 

and Sauer (1983) under sponsorship of the Offshore Operators’ Committee (OOC) and 

simulates the unsteady, three-dimensional behavior of offshore effluent plumes 

discharged from a single port outfall. The model has been continuously improved since 

its original release.  The present version is 2.5.6 (October, 2002).  The effluent may be 

drilling mud or cuttings or produced water. The model predicts effluent concentration 

distributions in the water column and the initial deposition distribution of particulates on 

the sea floor. The model has been validated in laboratory (Policastro, 1983; Brandsma et 

al., 1992) and field experiments (O’Reilly et al., 1989; Smith et al., 1994).  A complete 

re-validation, using 681 model runs, has been completed recently (Brandsma, in press).  

The model has been used by government and industry to estimate the likely behavior and 

fate of drilling mud, cuttings, and produced water discharged in the marine environment.  

A description of the produced water aspects of the model can be found in Brandsma, et 

al. (1992).  A more general mathematical description is in Brandsma and Smith (1999). 

 

Appendix A provides additional information on the OOC model. 

 

3.4 Cornell Mixing Zone Expert System (CORMIX) 

 

The CORMIX system (Doneker and Jirka, 1990; Jirka et al, 1996) was used to analyze 

the cool water plumes issuing from the single port and diffuser outfall configurations. 

The CORMIX system and documentation is available through the U.S. EPA’s Center for 
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Exposure Assessment Modeling (http://www.epa.gov/ceampubl/products.htm).  See 

Appendix B for an overview. 

 

3.5 Visitation Probability Model 

 

One of the questions to be answered in this investigation is “How frequently might a cool 

water lens visit the intake cage location when the Gulf Landing facility is operated for a 

year?”  In order to answer the question, it is necessary to calculate plume trajectories and 

growth for selected travel time horizons.  In other words, we want to know where effluent 

plumes might travel within a time horizon of 3, 6, 9, 12 hours, etc.   

 

The visitation probability model (and the far field dilution model described in the next 

section) are based on the ideas of Koh (1988), Roberts (1999), Roberts and Sternau 

(1997) and Koh (1971).  This model is used to summarize where diluted effluent (of any 

concentration) is likely to travel within a specified time horizon during one year’s 

operation of the outfall.  The modeling technique requires that a continuous current 

record exists.  The necessary data was collected at the lower meter of Site 20 of the 

LATEX project (DiMarco et al, 1997), beginning on 12 April 1992 and ending on 30 

November 1994 (a span of 962 days).  The available data consists of 32481 readings of 

east and north current speed components, taken at 0.5 hour intervals.  This is equivalent 

to 70.3% data recovery. 

 

The calculation is performed on a two-dimensional grid of contiguous, square cells 

surrounding the point of discharge.  The cell size is constant throughout the grid.  The 

point of discharge is located in the center of the grid.  An array to record the number of 

cloud visits to each cell is initialized to all zeros.  For a specific time horizon, the 

probability that an effluent plume will exist at any time within each grid cell is calculated 

using all available current data.  Plume trajectories are calculated beginning at each half 

hour of the current record and ending at the start time plus the time horizon.  The clouds 

are tracked as the ambient current advects them.  Clouds are tracked until their age equals 

the time horizon.  The diameter of each cloud as a function of travel time was calculated 

using the four-thirds power law of oceanic dispersion (Fischer et al, 1979) and the initial 

cloud size predicted by the CORMIX model.  This is the lateral horizontal dimension of 

the continuous plume after initial dilution (at the end of the near-field calculations). 

Clouds may initially be smaller than a single grid cell and ultimately grow to span many 

cells. 

 

The following calculations were conducted starting at each half hour of the current record 

and proceeding to the time horizon.  The coordinates of the cloud of effluent were 

initialized to the point of discharge.  The cloud was then advected at each time step using: 

 

 
tvyy

tuxx
         (1) 

 

where (x,y) are the cloud coordinates, u is the east current velocity component, and v is 

the north current velocity component, and t  is the time step.  For this application, a half 
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hour time step was used.  The current components u and v change every half hour.  The 

cloud size at any time step was calculated using (after Koh, 1971): 

 

 5.1

3/2

3/4 )
3

2
41(

o

L
o

TA
       (2) 

 

where  represents the horizontal standard deviation of the cloud at any time, o  

represents the initial standard deviation, LA  represents the dissipation parameter 

associated with the four-thirds power law, and T represents the travel time, or age, of the 

cloud.  T is the summation of the individual time steps.  The initial standard deviation, 

o , is one-fourth of the plume width predicted by the CORMIX model after initial 

dilution.  Equations (1) and (2) give the position and size of the effluent cloud at any 

time.  The position and size are used to determine grid cells occupied by the cloud.  The 

visitation counter in each cell occupied by the cloud is incremented. 

 

The calculations described above are repeated until the cloud reaches the travel time 

horizon.  The whole process is repeated for the next entry in the current record and 

successive entries up to the end of the current record, less the time horizon.  At the end of 

all these calculations, the visitation count in each cell is divided by the total number of 

clouds released in the calculation.  This is product of the number of time steps included in 

the time horizon and the number of entries in the current record, less the number of 

entries that fit within the time horizon.  The result is a two-dimension distribution of 

probabilities that particular cells would be visited by diluted effluent in the time period 

covered by the current data record.  The distribution can be multiplied by 100 to express 

the probabilities in percent.  Contour plots of the visitation probability distributions for 

various time horizons were prepared.   

 

 

3.6 Far-field Dilution Model 

 

The ideas in the previous section were incorporated in a far field dilution model.  A 

calculation of instantaneous concentrations was added based on the ideas of Roberts and 

Sternau (1997) and Csanady(1973).  The far-field dilution at the center of any grid cell is 

calculated by: 

 

1

2

2

2

22

d
L

erf

d
L

erfS f      (3) 

 

where Sf = far-field dilution, L = initial plume width (after initial dilution), d = distance of 

the cloud from the grid cell center, = the standard deviation of the concentration 

distribution calculated with (2).  erf represents the standard error function.  The ultimate 

dilution at any location is the product of the near and far field dilutions, S = Sn Sf.  The 

concentration at the center of any grid cell is then: 
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o

SS

C
C          (4) 

 

where Co is the initial effluent concentration or temperature deficiency and Sn is the near 

field dilution predicted by the CORMIX model.  Concentrations are assigned to each cell 

in which a cloud is present, depending on the position of the cell with respect to the cloud 

center. 

 

The far field model operates in the same way as the visitation probability model.  An 

outer loop sequences through entries in the current record from beginning to end.  An 

inner loop calculates the position and size of effluent clouds released at each time in the 

current record until each cloud’s travel time horizon is reached.  Cloud dilutions are 

calculated at each time step and corresponding concentrations are observed in each cell 

visited by the cloud.  The maximum concentrations seen at each grid cell are recorded. 

 

The far field dilution model produces a two-dimensional distribution of maximum 

concentrations associated with clouds whose age is the time horizon or less.  The 

distribution can be plotted to show maximum concentration isolines for a given travel 

time horizon. 

 

Far field dilution was calculated for the initial plume sizes and dilutions found for each 

ambient condition for the single port and diffuser configurations.  Travel time horizons of 

3, 6 and 12 hours were used.  Six runs of the far field model were made for each outfall 

(3 current speeds and 2 stratifications).  Contour plots of the resulting distributions were 

prepared.  The distribution of maximum temperature deficiency was very similar at 3, 6 

and 12 hour time horizons and showed a central peak centered on the outfall.  The outer 

edges of the distributions extended further as the time horizon increased, but the central 

peaks did not change significantly.  Therefore the results were consolidated to show a 

single distribution of maximum temperature deficiency reported for any ambient 

condition for the single port outfall.  A similar distribution of maxima was prepared for 

the diffuser. 

 

4 Results 

 

To avoid cluttering up the text, figures for this section appear at the end of the report, 

following the References section. 

 

4.1 Base Case Flow Discharged from Single Port Outfall 

 
4.1.1 Single Port Outfall in Unstratified Conditions 

 

The base case is a 20,000 m
3
/hr flow.  The single port is 2.55 m in diameter, aimed 

vertically upward, 3 m above the sea floor (top of concrete outfall structure). 
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Figures 7, 8 and 9 show, plan and elevation views of the predicted plume boundaries and 

the maximum temperature deficiency predicted as a function of downcurrent distance.  

Figures 7-9 are for unstratified conditions and current speeds of 0.03, 0.097 and 0.218 

(the 10, 50 and 90 percentile speeds).  Because of the large horizontal scale and small 

vertical scale of the plume, the elevation views are distorted by a 20:1 vertical 

exaggeration. 

 

The plume in Figure 7 reaches the surface and creates an unstable mixing region near the 

discharge featuring near-field instabilities and full vertical mixing (elevation view).  This 

mixed region will restratify and form a dense cool water layer on the sea floor, probably 

within 100 m or so of the discharge port.  Because of the slow current the vertically 

mixed region near the discharge can collapse and spread in all directions.  This leads to 

an upstream impingement of almost 400 m.  There is a small, “C” shaped figure at X = 0.  

This represents the dynamic plume impinging on the sea surface and then falling back.  

This is the region of near-field instability.  

 

The middle frame of Figure 7 shows that a lens of cool water about 1.5 m thick is formed 

on the sea floor.  Unfortunately, CORMIX is incapable of predicting the details of the 

restratification transition from the region of full vertical mixing near the discharge point 

to the lens.  Lens formation is probably complete within 100-200 m of the point of 

discharge. 

 

The bottom frame of Figure 7 shows the temperature deficiency (depression of 

temperature from ambient) as a function of down-current distance.  This shows that the 

cool water lens created under these conditions has a relatively uniform temperature.  The 

temperature deficiency decreases from the initial T = 10 C at the point of discharge 

(X=0) to less than 1 C within 50 m of the discharge, within the region of full vertical 

mixing.  Once the cool water lens is formed on the sea floor, its temperature deficiency 

changes only slowly.  A lens temperature deficiency of 1 C, corresponds to a 10:1 

dilution, so hyprochloride concentration can be expected to be about 0.05 ppm on the sea 

floor. 

 

When the current speed is increased to 0.097 m/s (the median speed), the dynamic plume 

still impinges on the surface, but the upstream impingement of the cool water lens is only 

about 20 m (Figure 8).  The spreading cool water lens is much narrower than in Figure 7.  

The middle frame of Figure 8 shows a region of instability and full vertical mixing near 

the point of discharge.  This restratifies into a layer about 2 m thick 100 m downcurrent.  

From here down-current the layer gradually thins.  The bottom frame of Figure 8 shows 

a rapid decline of temperature deficiency and the formation of a layer with T = 1 C.  As 

in Figure 7 the lens temperature deficiency is equivalent to a 10:1 dilution, so the 

hyprochloride concentration will be about 0.05 ppm on the sea floor. 

 

When the current speed is increased again to 0.218 m/s (the 90 percentile speed), there is 

no upstream spreading of the cool water lens (Figure 9).  The dynamic plume and region 

of instability and full vertical mixing still occupies the entire water column near the point 

of discharge.  The cool water lens on the sea floor forms a much narrower plume in the 
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faster current.  The elevation view (middle frame of Figure 9) shows that the entire water 

column is occupied out to a distance of about 40 m.  Restratification occurs between 40 

and 200 m down-current.  By 500 m the cool water lens has stabilized at a thickness of 

about 1.6 m.  The temperature deficiency declines swiftly as a function of distance down-

current from the point of discharge.  By 100 m, the temperature deficiency is less than T 

= 1 C.  Here again, a cool water lens with relatively stable thickness and temperature 

deficiency is formed.  Hyprochloride concentrations on the sea floor will be about 0.05 

ppm. 

 
4.1.2 Single Port Outfall in Maximum Stratification 

 

Figures 10, 11 and 12 show the results for a single port outfall operating at 10, 50 and 90 

percentile current speeds with the water column exhibiting maximum stratification.  The 

overall behavior of the plumes from the single port in maximum stratification do not 

differ significantly from the unstratified conditions in Figure 7 to 9.  A stable cool water 

lens of T = 1 C, from 1.5 to 2 m thick forms on the sea floor.  With the 10:1 dilution 

implied by the T, hyprochloride concentrations can be expected to be 0.05 ppm on the 

sea floor. 

 
4.1.3 Single Port Performance Summary 

 

Temperature deficiency, plume thickness on the sea floor and plume half-width 

predictions are summarized in Table 3 for distances 100 and 500 m downcurrent of the 

single port outfall.  The table shows that temperature deficiencies at the two distances are 

not very sensitive to changes in current speed and the ambient density gradient.  Plume 

widths are sensitive at both distances.  Plume thicknesses are sensitive at the 100 m 

distance, and less so at the 500 m distance. 

 

Table 3 

Summary of Plume Behavior from Single Port Outfall for 

Base Case (20,000 m
3
/hr, T = 10 C) 

Current Distance = 100 m Distance = 500 m 

Speed 

(m/s) 

Per-

centile 

Density 

Gradient 

( t/m) 
T ( C) 

Plume 

Thick-

ness (m) 

Plume 

Half-

Width 

(m) 

T ( C) 

Plume 

Thick-

ness (m) 

Plume 

Half-

Width 

(m) 

0.030 10 0.0 1.04 0.94 627.8 0.71 1.53 858.3 

0.097 50 0.0 1.06 2.00 134.1 0.83 1.29 266.1 

0.218 90 0.0 0.92 4.13   33.4 0.61 1.65 125.9 

         

0.030 10 0.19 1.05 0.97 605.6 0.73 1.54 829.4 

0.097 50 0.19 1.09 2.00 131.4 0.85 1.29 260.9 

0.218 90 0.19 1.11 3.34   34.5 0.73 1.42 123.2 
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4.1.4 Single Port Sensitivity to Discharge Changes 

 

In order to quantify the sensitivity of plumes issuing from single port to changes in the 

discharge rate and effluent temperature deficiency, a few CORMIX simulations were 

prepared.  As Table 3 shows that the temperature deficiency results are insensitive to 

changes of current speed and ambient density, only the 50 percentile current speed and 

unstratified condition were used.  Table 4 compares the results for the base case (20,000 

m
3
/hr at T = 10 C) with a 20,000 m

3
/hr discharge at T = 5 C, 3,000 m

3
/hr at T = 

10 C and 3,000 m
3
/hr at T = 5 C.  Reducing the temperature deficiency of the base case 

reduces the T’s reported at 100 and 500 m by about half, as one would expect.  The 

lateral spread of the plume is also reduced a bit because the density difference between 

the plume and the surrounding ambient water is reduced and this reduces the force 

driving plume spreading.  Reducing the discharge rate to 3,000 m
3
/hr makes smaller 

plumes but increases the T at 100 m.  This increase is attributed to the 0.16 m/s exit 

velocity associated with the 3,000 m
3
/hr rate.  The plume, in effect, falls over the edge of 

the discharge pipe structure and lands on the sea floor.  As a result, dilution by active 

entrainment of ambient fluid is quite limited.  By the time the 3000 m
3
/hr plume has 

reached the 500 m distance there is little temperature difference between it and the base 

case, but the plume dimensions are significantly smaller, as would be expected. 

 

Table 4 

Sensitivity of Plumes from Single Port Outfall to Changes in Flow Rate and 

Temperature for Current Speed = 0.097 m/s and Zero Density Gradient 

(Unstratified) 

Distance = 100 m Distance = 500 m 

Discharge 

Rate 

(m3/hr) 

Initial 

Temperature 

Deficiency 

( C) 
T ( C) 

Plume 

Thick-

ness (m) 

Plume 

Half-

Width 

(m) 

T ( C) 

Plume 

Thick-

ness (m) 

Plume 

Half-

Width 

(m) 

20,000 10.0 1.06 2.00 134.1 0.83 1.29 266.1 

20,000 5.0 0.59 2.00 121.2 0.45 1.29 248.8 

3,000 10.0 2.95 0.30 48.4 0.87 0.40 119.0 

3,000 5.0 1.40 0.30 44.2 0.38 0.50 111.5 

 

 

4.2 Base Case Flow Discharged from Diffuser 

 
4.2.1 Diffuser in Unstratified Conditions 

 

Figures 13, 14, and 15 show the plume from the 96 m diffuser in unstratified conditions 

at 10, 50 and 90 percentile current speeds.  The current direction is perpendicular to the 

diffuser axis. 

 

Consider Figure 13, showing the plume in the slowest current speed, 0.03 m/s.  In the 

plan view frame, the comb-like area on the left depicts individual plumes from the 25 

ports, prior to merging.  After merging and before the merged plume impinges on the sea 
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floor, the plume is represented by two lines.  Impingement on the sea floor and formation 

of a cool water lens there is depicted by the sudden widening of the plume.  The elevation 

view in the middle frame of Figure 13 shows that the diffuser plume occupies most of 

the water column and the merged plume is mixed through a large fraction of the water 

column.  A cool water lens with a very low temperature deficiency, about 0.1 C, will be 

formed (bottom frame).  The corresponding hyprochloride concentration will be 

0.005 ppm. 

 

Figure 14 shows the effect of increasing the current speed to 0.097 m/s (50 percentile).  

As there is little change between Figures 13 and 14, the change of speed has little effect. 

 

Figure 15 shows the effect of increasing the current speed to 0.218 m/s (90 percentile).  

The plume is significantly narrowed and plumes from individual ports travel a greater 

distance before merging.  The temperature deficiency in the cool water lens is reduced to 

about 0.06 C and the corresponding hyprochloride concentration will be about 

0.003 ppm.  The thickness of the cool water lens is increased somewhat, compared to 

Figures 13 and 14. 

 
4.2.2 Diffuser in Maximum Stratification 

 

Figures 16, 17 and 18 show the effects of the maximum ambient density stratification on 

the diffuser plumes.   

 

In the plan view of Figure 16, the line of diffuser plumes can be seen at X=0.  The plume 

from each port impinges on the surface and creates an unstable vertically mixed region 

along the diffuser (plan and elevation views).  This well-mixed region restratifies and 

forms a cool water lens on the sea floor.  Because of the slow current, the lens is able to 

intrude about 300 m upstream and spread widely downstream.  The lens thickness is 

about 4 m and its temperature deficiency is about 0.05 C.  The hyprochloride 

concentration is expected to be 0.003 ppm.  

 

Figure 17 shows the diffuser plume for maximum stratification and the 50 percentile 

current speed.  Compared to the unstratified case (Figure 14), the width of the cool water 

lens on the sea floor is narrow, the lens is thinner, and its temperature deficiency is higher 

(about 0.15 C).  The hyprochloride concentration will be about 0.008 ppm. 

 

Figure 18 shows the diffuser plume for maximum stratification and 90 percentile current 

speed.  The cool water lens occupies much of the water column and the temperature 

deficiency is 0.1 C.  The hyprochloride concentration for this case will be 0.005 ppm. 

 
4.2.3 Diffuser Performance Summary 

 

Plume behavior of the diffuser with currents flowing perpendicularly to it was discussed 

in the previous two sections.  Table 5 summarizes the plume properties (temperature 

deficiency, plume thickness on the sea floor and plume half-width) predicted for 

perpendicular currents. 
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Table 5 

Summary of Plume Behavior from 96 Meter Diffuser for Base Case 

(20,000 m
3
/hr, T = 10 C) and Currents Flowing Perpendicular to Diffuser 

Current Distance = 100 m Distance = 500 m 

Speed 

(m/s) 

Per-

centile 

Density 

Gradient 

( t/m) 

T  

( C) 

Plume 

Thick-

ness (m) 

Plume 

Half-

Width 

(m) 

T  

( C) 

Plume 

Thick-

ness (m) 

Plume 

Half-

Width 

(m) 

0.030 10 0.0 0.09 15.8 197.6 0.08 10.4 350.2 

0.097 50 0.0 0.09 15.8 200.9 0.08 10.3 358.8 

0.218 90 0.0 0.06 16.8 130.7 0.05 12.7 195.8 

         

0.030 10 0.19 0.46   3.3 506.9 0.30   3.9 783.9 

0.097 50 0.19 0.16 13.2 137.0 0.13   7.8 284.0 

0.218 90 0.19 0.11 14.9   76.8 0.09   9.8 139.4 

 

 

As shown in Figure 2, currents can be expected to flow in all directions.  To check the 

diffuser performance under varying current directions, two additional sets of base case 

CORMIX simulations (as summarized in Table 3) were prepared.  One set assumed a 

current flowing at an angle of 45  with respect to the diffuser axis and one set assumed a 

current flowing at an angle of 0  with respect to the diffuser axis (parallel).  Tables 6 and 

7 summarize the plume properties predicted by these additional sets of model runs. 

 

Table 6 

Summary of Plume Behavior from 96 Meter Diffuser for Base Case 

(20,000 m
3
/hr, T = 10 C) and Currents Flowing 45  from Diffuser Axis 

Current Distance = 100 m Distance = 500 m 

Speed 

(m/s) 

Per-

centile 

Density 

Gradient 

( t/m) 

T  

( C) 

Plume 

Thick-

ness (m) 

Plume 

Half-

Width 

(m) 

T  

( C) 

Plume 

Thick-

ness (m) 

Plume 

Half-

Width 

(m) 

0.030 10 0.0 0.46   2.4 676.2 0.28 3.6 925.3 

0.097 50 0.0 0.09 15.6 198.2 0.08 10.2 355.9 

0.218 90 0.0 0.06 16.8 129.7 0.05 12.7 194.7 

         

0.030 10 0.19 0.50   3.1 501.2 0.32 3.8 776.4 

0.097 50 0.19 0.16 13.0 135.2 0.13 7.6 282.2 

0.218 90 0.19 0.11 14.8   76.4 0.09 9.7 138.8 
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Table 7 

Summary of Plume Behavior from 96 Meter Diffuser for Base Case 

(20,000 m
3
/hr, T = 10 C) and Currents Flowing 0  from Diffuser Axis 

Current Distance = 100 m Distance = 500 m 

Speed 

(m/s) 

Per-

centile 

Density 

Gradient 

( t/m) 

T  

( C) 

Plume 

Thick-

ness (m) 

Plume 

Half-

Width 

(m) 

T  

( C) 

Plume 

Thick-

ness (m) 

Plume 

Half-

Width 

(m) 

0.030 10 0.0 0.60 2.0 646.4 0.35 3.0 882.2 

0.097 50 0.0 0.48 5.6 106.2 0.37 2.8 272.8 

0.218 90 0.0 5.9 0.6   37.6 2.79 0.4 125.3 

         

0.030 10 0.19 0.63 2.6 480.3 0.40 3.1 744.0 

0.097 50 0.19 0.56 5.6   91.2 0.43 2.9 235.4 

0.218 90 0.19 6.00 0.6   34.2 2.84 0.4 104.8 

 

 

A review of Tables 5, 6 and 7 shows that the diffuser performance degrades as currents 

depart from flowing perpendicularly to the diffuser.  The poor performance for a 90 

percentile current flowing parallel to the diffuser stands out.  For this current, the 

temperature deficiency at 100 m is about 6 C and the T at 500 m is about 2.8 C.  The 

corresponding dilution factors are 1.7 and 3.6 and the corresponding hydrochloride 

concentrations are 0.3 and 0.14 ppm.  Apart from this one poor performance, the 

maximum temperature deficiency at 100 m for any other current and either density 

gradient is 0.63 C.  The corresponding dilution factor is 15.9 and the corresponding 

hyprochloride concentration is 0.03 ppm.  When the current flows parallel to the diffuser, 

at any speed, the plume thickness on the sea floor is predicted to be 0.6 to 5.6 m at the 

100 m distance and 0.4 to 3.1m at the 500 m distance.  So poor diffuser performance is 

accompanied by a thinner plume on the sea floor. 

 

By definition, the poor performance of the diffuser for 90 percentile currents flowing 

parallel can only occur significantly less than 10 percent of the time.  For current speeds 

in the 90-th percentile and up, Table 2 shows that the current direction is east-west 

50.2% of the time.  So it would be best to orient the diffuser axis north-south.  Currents in 

the 90-th percentile and up flow north-south 15.6% of the time.  So the probability of 

both a 90+ percentile current speed and north-south flow is 1.56%.  So the diffuser will 

provide adequate dilution almost all the time, but occasional episodes of very low 

dilution can be expected. 

 
4.2.4 Diffuser Sensitivity to Discharge Changes 

 

Changes of discharge rate and effluent temperature can effect diffuser performance. 

Table 8 compares the results for the base case (20,000 m
3
/hr at T = 10 C) with a 

20,000 m
3
/hr discharge at T = 5 C, 3,000 m

3
/hr at T = 10 C and 3,000 m

3
/hr at T = 
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5 C.  The 50 percentile current flowing perpendicular to the diffuser and a zero density 

gradient were used for these sensitivity tests.  Reducing the temperature deficiency of the 

base case reduces the T’s reported at 100 and 500 m by about half, as one would expect.  

Because the temperature deficiency is so small, the decrease in it from the 100 m to 

500 m distances is masked by the two digit precision for temperatures.  The lateral spread 

of the plume from 100 to 500 m is also reduced because the reduced temperature 

deficiency reduces the force driving plume spreading.  Reducing the discharge rate to 

3,000 m
3
/hr makes smaller plumes but increases the T at 100 m.  This increase is 

attributed to the 0.45 m/s exit velocity associated with the 3,000 m
3
/hr rate.  The plume 

only travels upward a short way before falling over and landing on the sea floor.  As a 

result, dilution by active entrainment of ambient fluid is reduced.  The plume dimensions 

are significantly reduced at the lower rate. 

 

Table 8 

Sensitivity of Diffuser Plume to Changes in Flow Rate and Temperature for Current 

Speed = 0.097 m/s Flowing 90  to Diffuser and Zero Density Gradient (Unstratified) 

Distance = 100 m Distance = 500 m 

Discharge 

Rate 

(m3/hr) 

Initial 

Temperature 

Deficiency 

( C) 
T ( C) 

Plume 

Thick-

ness (m) 

Plume 

Half-

Width 

(m) 

T ( C) 

Plume 

Thick-

ness (m) 

Plume 

Half-

Width 

(m) 

20,000 10.0 0.09 15.8 200.9 0.08 10.3 358.8 

20,000 5.0 0.04 16.2 208.6 0.04 11.3 345.4 

3,000 10.0 0.19 2.9 79.0 0.12 2.0 175.7 

3,000 5.0 0.08 3.6 74.5 0.05 2.5 161.0 

 

 

4.3 Visitation Probability Distribution  

 

This section addresses the likelihood of a packet of water released from the outfall 

visiting locations near the outfall during one year of operation.  As observed previously, 

the currents are not particularly strong and the current direction near the sea floor has a 

fairly uniform distribution around the compass.  This means that a packet of water 

released from the outfall will tend to meander around the outfall, rather than being 

strongly advected away from it. 

 

Figures 19 to 23 show the distribution of visitation probabilities surrounding the outfall 

(0,0).  These results demonstrate that as the time allowed for a water packet to travel 

increases, the probability that the packet will visit locations near the outfall increases too.  

In other words cool water lenses will be frequent visitors to the intake cage location, 

wherever it is located.  These results were calculated using the method described in 

section 3.5. 
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4.4 Far-Field Advection and Distribution of Maximum Temperature Deficiency 

 

The calculations described in section 3.6 produced the results shown in Figures 24 and 

25 which are both plotted to the same scales. 

 

Figure 24 shows the distribution of maximum temperature deficiencies predicted around 

the single port outfall.  Temperature deficiencies of more than 2.4 C were reported in a 

small area near the outfall.  Near the outfall, maximum temperatures decline rapidly in 

the first few hundred meters of distance from the outfall and more slowly thereafter.  A 

significant area may see temperature deficiencies exceeding 1 C. 

 

It is very important to make two points regarding Figure 24.  First, the figure does not 

depict an instantaneous distribution of maximum temperature deficiency ( T), but only 

the maximum T expected to be observed at each point during one year’s operation of 

the facility.  Second, the maximum temperature deficiencies depicted will occur in a thin 

layer on the sea floor.  The plume from the single port outfall is not expected to be 

present in the middle and upper water column except very near the outfall. 

 

Figure 25 shows the distribution of maximum temperature deficiency expected from the 

25 port diffuser when it is operating properly under most conditions.  The rather startling 

uniformity of this distribution is an artifact of the mixing efficiency of the diffuser.  

Because of the diffuser, the initial conditions for the far field dilution calculation were 

plume widths of about 100 m and near field dilution factors from 17.6 to 61 (initial T = 

0.6 to 0.2 C).  The diffuser fulfills its function by spreading the cool water effluent over a 

wide area and over much of the water column.  The resulting large areas and low T lead 

to a very slow decay of temperature deficiency with travel time and distance.  This figure 

suggests that visits of diluted cool water to the sea water intake are going to occur during 

one year’s operation of the plant. 

 

As mentioned previously the diffuser will perform poorly when fast currents flow parallel 

to the diffuser.  A figure showing the distribution of maximum possible temperature 

deficiency when the diffuser is operating poorly and producing plumes with T = 6 C 

was not included because it would be highly misleading.  This is mainly because the 

episodes of poor performance will be limited by the persistence of fast currents.  The 

LATEX site 20 data for the lower meter indicate that the persistence of currents at 90-th 

percentile and greater is 12 hours or less.  As the far-field model covers one year of 

facility operation, providing a figure showing large T over a wide area for a source that 

has a very short duration is not appropriate. 

 

4.5 Uncertainties 

 

The currents measured at the bottom meter of LATEX site 20 were used for modeling 

because the cool water plumes spend most of their time on the sea floor. Near the outfall, 

however, the plumes briefly occupy most or all the water column.  The data recorded at 

LATEX site 20 show that the near surface and near bottom meters rarely recorded 

identical current directions.  Speeds at the near surface meter are significantly higher than 
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at the near bottom meter.  Thus there will normally be both speed and directional shear.  

As CORMIX only allows a uniform spatial distribution of currents, it is necessary to pick 

single current speeds for modeling.  In reality, the cool water plume will be subjected to 

the speed and directional shear.  This is likely to cause the initial mixing to be somewhat 

higher than predicted by CORMIX because the speed and directional shears will tend to 

“shred” the plume more before it falls back to the sea floor. 

 

When the water column is stratified so that there are an upper and lower density layer, 

separated by a pycnocline, the speed and directional shear is likely to be mostly restricted 

to the pycnocline.  When the water column is well mixed, any speed or directional shear 

is likely to be distributed over a much larger portion of the water column. 

5 Discussion and Recommendations 

 

The results reported here are not likely to change significantly if the location of the 

outfall is changed such that small variations of water depth occur. 

 

Two caveats are in order.  First, as mentioned above, computer models have a tough time 

dealing with the discharge conditions described in this report.  Careful laboratory 

experiments remain the best way to deal with such flows.  Second, every CORMIX 

session report ends with these words: 

 

“REMINDER:  The user must take note that HYDRODYNAMIC MODELING by 

any known technique is NOT AN EXACT SCIENCE.  Extensive comparison with 

field and laboratory data has shown that the CORMIX predictions on dilutions and 

concentrations (with associated plume geometries) are reliable for the majority of 

cases and are accurate to within about +-50% (standard deviation).  As a further 

safeguard, CORMIX will not give predictions whenever it judges the design 

configuration as highly complex and uncertain for prediction.” 

 

The CORMIX model results presented in this report indicate that, most of the time, the 

diffuser does a better job of mixing the cool water effluent with the ambient sea water 

than does the single port.  The performance of the diffuser will depend on its orientation 

on the sea floor.  A north-south orientation of the diffuser is recommended.  Both the 

diffuser and the single port outfall cause the formation of a cool water lens on the sea 

floor under all conditions investigated. 

 

The temperature deficiency of the lens formed from the single port is about 1 C and the 

hyprochloride concentration is expected to be about 0.05 ppm on the sea floor. 

 

Assuming a north-south diffuser orientation, it is predicted to provide good to excellent 

dilution 98.4 percent of the time.  The combination of a 90+ percentile current speed and 

a north or south current direction, which is expected to occur 1.6 percent of the time, 

prevents the diffuser from working properly.  When the diffuser is working properly, the 

temperature deficiency of the lens formed from the diffuser is roughly 0.06 to 0.63 C in 

all conditions except the fast north-south currents.  These temperatures correspond to 



Gulf Landing LLC Deepwater Port License Application

A-165Environmental Review October 2003

 26

hyprochloride concentrations of 0.003 to 0.032 ppm.  During the 1.6 percent of the time 

when the diffuser performs poorly, the predicted temperature deficiency 100 m 

downcurrent is about 6 C.  The corresponding hyrochloride concentration is 0.3 ppm.  

The poor performance associated with fast parallel currents occurs because the plumes 

issuing from individual diffuser ports are entraining effluent from upstream ports rather 

than ambient sea water.  While the physical dilution of each port plume remains the 

same, the effective dilution is reduced to almost nothing.  At the slower currents, the 

plumes can reach near the surface and the resulting mixing provides adequate dilution.  

When the current speed is fast, the individual plumes are bent over and immediately 

interact with their neighbors. 

 

When operating properly, the diffuser provides its improved dilution by distributing the 

cool water effluent over a much larger range of depths in the water column.  At a distance 

of 200 m, the diffuser plume occupies up to 15 m (88%) of the water column.  This fact, 

together with the tendency of discharged water to meander around in the vicinity of the 

outfall suggests that water with a slight temperature deficiency, will unavoidably be taken 

into the intake cage if the 96 m diffuser configuration is employed.  Vertical positioning 

of the intake cage will not effect this and there is a risk that positioning the cage at the 

surface will cause trapping of the cool water plume within the water column in stratified 

conditions.   

 

In contrast, the single port outfall generates a thinner cool water lens with a temperature 

deficiency of about 1 C and a hyprochloride concentration on the sea floor of about 

0.05 ppm.  Because of the thinner and denser cool water lens, vertical separation of the 

cool water lens from the intake cage is possible, provided a sufficient horizontal distance 

between the intake cage and the outfall is maintained.  CORMIX predictions are 

approximate, but the they indicate that the maximum thickness of the cool water lens 

300 m away from the point of discharge will be about 2 m (Figure 12 elevation frame).  

If a single port outfall is selected, the intake cage should be placed at mid-depth to ensure 

vertical separation. 

 

The single port configuration provides a maximum T = 1.1 C at a 100 m distance from 

the discharge, under all conditions investigated.  The diffuser provides a maximum T = 

0.63 C at 100 m from the discharge for 98.4 percent of the time.  The maximum T for 

the remaining 1.6 percent of the time is about 6 C.  For comparison, the World Bank has 

a requirement that power plant thermal discharges have a T < 3 C at distances greater 

than 100 m from the discharge.  It is unclear if this requirement is applicable to water 

discharges that are cooler than the surrounding ambient.  Dilution provided by the single 

port configuration could be improved somewhat by reducing the port diameter to increase 

the exit velocity.  As presently configured the exit velocity is 1.0 m/s for the base case 

flow.  Reducing the port diameter to 1.54 m would increase the exit velocity to 3.0 m/s.  

This would lead to the plume occupying the full water column near the single port, but 

the plume would restratify and be restricted to the bottom 15 to 30% of the water column 

at a lateral distance of, say, 200 m.  The faster exit speed would help reduce marine 

fouling.  The price would be a higher hydraulic head requirement. 

 



Deepwater Port License Application Gulf Landing LLC

A-166October 2003 Environmental Review

 27

The cool water plume is expected to always be located at the sea floor for the range of 

conditions investigated.  This, however, cannot be guaranteed by computer modeling.  As 

indicated above, CORMIX predictions are not exact.  If CORMIX has underestimated the 

amount of dilution that will occur, then the cool water plume densities have been 

overestimated.  This implies that trapping of the plume within the water column instead 

of on the sea floor is a possibility (because actual plume densities could be less than 

predicted). 

 

Calculation of the distribution of visitation probabilities based on the near bottom current 

measurements from LATEX site 20 shows that cool water lens will revisit locations 

around the outfall.  There is no way to guarantee horizontal separation of cool water 

lenses from the intake cage.  It does, however, appear to be possible to guarantee vertical 

separation if a single port outfall is used.  If a diffuser is used, the cool water lens will 

occupy a vertical section of the water column used by the intake cage, however the 

temperature deficiency in this event will be small (usually 0.1 C or less, but sometimes 

0.5 C). 

 

The temperature deficiencies reported here are significantly smaller than the range of 

natural temperature variation recorded at LATEX site 20.  The near bottom ambient 

temperature range was 12.3 to 30.2 C with a mean value of 22.5 C.  The near surface 

ambient temperature range was 10.9 to 32.0 C with a mean value of 23.3 C.  The 

temperature ranges for the bottom and surface meters was 17.9 and 21.1 C.  These 

statistics were reported in Shell’s “Preliminary Oceanographic Criteria” document. 
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Figure 7. Cool water plume from single port outfall, 20,000 m3/hr, current speed = 

0.03 m/s (10 percentile), unstratified water column.  Top frame shows plan 

view of horizontal plume boundaries.  Middle frame shows elevation (side 

view) of plume.  Bottom frame shows maximum temperature deficiency as a 

function of downstream distance.   
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Figure 8. Cool water plume from single port outfall, 20,000 m3/hr, current speed = 

0.097 m/s (50 percentile), unstratified water column.  Frames show top view, 

side view and maximum temperature deficiency. 
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Figure 9. Cool water plume from single port outfall, 20,000 m3/hr, current speed = 

0.218 m/s (90 percentile), unstratified water column.  Frames show top view, 

side view and maximum temperature deficiency. 
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Figure 10. Cool water plume from single port outfall, 20,000 m3/hr, current speed = 

0.0.03 m/s (10 percentile), water column has maximum stratification.  Frames 

show top view, side view and maximum temperature deficiency. 
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Figure 11. Cool water plume from single port outfall, 20,000 m3/hr, current speed = 

0.0.097 m/s (50 percentile), water column has maximum stratification.  

Frames show top view, side view and maximum temperature deficiency. 
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Figure 12. Cool water plume from single port outfall, 20,000 m3/hr, current speed = 

0.0.097 m/s (50 percentile), water column has maximum stratification.  

Frames show top view, side view and maximum temperature deficiency. 
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Figure 13. Cool water plume from 25 port, 96 m diffuser, 20,000 m3/hr, current speed = 

0.03 m/s (10 percentile), unstratified water column. Frames show top view, 

side view and maximum temperature deficiency. 
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Figure 14. Cool water plume from 25 port, 96 m diffuser, 20,000 m3/hr, current speed = 

0.097 m/s (50 percentile), unstratified water column. Frames show top view, 

side view and maximum temperature deficiency. 
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Figure 15. Cool water plume from 25 port, 96 m diffuser, 20,000 m3/hr, current speed = 

0.218 m/s (90 percentile), unstratified water column. Frames show top view, 

side view and maximum temperature deficiency. 
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Figure 16. Cool water plume from 25 port, 96 m diffuser, 20,000 m3/hr, current speed = 

0.03 m/s (10 percentile), water column has maximum stratification. Frames 

show top view, side view and maximum temperature deficiency.   
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Figure 17. Cool water plume from 25 port, 96 m diffuser, 20,000 m3/hr, current speed = 

0.097 m/s (50 percentile), water column has maximum stratification. Frames 

show top view, side view and maximum temperature deficiency. 
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Figure 18. Cool water plume from 25 port, 96 m diffuser, 20,000 m3/hr, current speed = 

0.218 m/s (90 percentile), water column has maximum stratification. Frames 

show top view, side view and maximum temperature deficiency. 

 



Gulf Landing LLC Deepwater Port License Application

A-181Environmental Review October 2003

 42

0.03

0
.0

3

0.03 0.03

0.0
30.1

0.1 0.1

0
.10.3

0.3

0
.3

1

1

3

Easting(m)

N
o

rt
h

in
g

(m
)

-4
0

0
0

-3
0

0
0

-2
0

0
0

-1
0

0
0 0

1
0

0
0

2
0

0
0

3
0

0
0

4
0

0
0

-4000

-3000

-2000

-1000

0

1000

2000

3000

4000

30

25

20

15

10

5

3

1

0.3

0.1

0.03

Visitation Probability(%) , 3 Hour Time Horizon

Prob.
(%)

 
Figure 19. Visitation probability distribution around the outfall (coordinates (0,0) for 3 

hour travel time limit.  Contours show percent of the time water packets 

leaving outfall will visit during a year’s operation.  Coordinates are measured 

from the center of the outfall (0,0). 
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Figure 20. Visitation probability distribution around the outfall (coordinates (0,0) for 6 

hour travel time limit.  Contours show percent of the time water packets 

leaving outfall will visit during a year’s operation.  Coordinates are measured 

from the center of the outfall (0,0). 
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Figure 21. Visitation probability distribution around the outfall (coordinates (0,0) for 12 

hour travel time limit.  Contours show percent of the time water packets 

leaving outfall will visit during a year’s operation.  Coordinates are measured 

from the center of the outfall (0,0). 
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Figure 22. Visitation probability distribution around the outfall (coordinates (0,0) for 24 

hour travel time limit.  Contours show percent of the time water packets 

leaving outfall will visit during a year’s operation.  Coordinates are measured 

from the center of the outfall (0,0). 
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Figure 23. Visitation probability distribution around the outfall (coordinates (0,0) for 36 

hour travel time limit.  Contours show percent of the time water packets 

leaving outfall will visit during a year’s operation.  Coordinates are measured 

from the center of the outfall (0,0). 
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Figure 24. Predicted distribution of the maximum temperature deficiencies expected 

from single port outfall during a year’s operation of the Gulf Landing LNG 

facility.  The distribution is restricted to a thin layer on the sea floor, except at 

the point of discharge.  Coordinates are measured from the center of the 

outfall (0,0). 
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Figure 25. Predicted distribution of the maximum temperature deficiencies expected 

from 25 port diffuser (96 m) during a year’s operation of the Gulf Landing 

LNG facility.  The distribution occupies a large fraction of the water column 

(100% near the diffuser).  Most of the figure represents temperature 

deficiencies of 0.5 to 0.6 C.  Coordinates are measured from the center of the 

outfall (0,0). 
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Appendix A 

Overview of Offshore Operators Committee Model  
 

A.1 Introduction 

 
The discharge model developed by Brandsma and Sauer (1983) under sponsorship of the Offshore 

Operators’ Committee (OOC) simulates the unsteady, three dimensional behavior of offshore effluent 

plumes discharged from a single port outfall. The model has been continuously improved since its original 

release.  The effluent may be drilling mud or cuttings or produced water. The model predicts effluent 

concentration distributions in the water column and the initial deposition distribution of particulates on the 

sea floor. The model has been validated in laboratory (Policastro, 1983; Brandsma et al., 1992) and field 

experiments (O’Reilly et al., 1989; Smith et al., 1994).  A complete re-validation, using 681 model runs, 

has been completed recently (Brandsma and Smith, in preparation).  The model has been used by 

government and industry to estimate the likely behavior and fate of drilling mud and cuttings discharged in 

the marine environment.  The capability to simulate produced water discharges was added several years 

ago and the model has been increasingly used for this purpose.  A mathematical description of the model 

can be found in Brandsma et al. (1992) and in Brandsma and Smith(1999). 

 

The OOC model simulates the behavior of an effluent plume from the time it leaves the discharge port to 

some arbitrary later time and distance. A simulation proceeds in three phases: the initial dilution phase 

where the effluent actively entrains ambient fluid and moves vertically to a level of neutral buoyancy (or 

impinges on the sea surface or sea floor); a collapse phase where the effluent plume spreads at this level; 

and a dispersive phase where particles move in response to local currents and their own characteristic 

vertical velocity (downward for solids, upward for oil droplets). The combined initial dilution and collapse 

phases are often referred to collectively as the “dynamic plume”. The dynamic plume is calculated first. 

Then a complex mass bookkeeping process analyzes the dynamic plume to form the initial conditions for 

the passive dispersion phase.  A LaGrangian (particle following) technique is used in the dispersive 

calculation.  The mass bookkeeping process creates many (usually, several thousand) independent, three-

dimensional Gaussian distributed clouds from the dynamic plume.  These clouds move through the water 

column according to the local ambient currents and grow according to the 4/3rds power law.  For most 

discharges, material exists in the dynamic plume and passive dispersion calculations simultaneously. 

 

The three calculation phases are implemented as separate modules in the program. The initial dilution is 

calculated with an integral plume model that treats the plume from the time it leaves the discharge pipe 

until is contacts a horizontal surface or reaches its level of neutral buoyancy.  This is the phase where the 

effluent is swiftly diluted by the entrainment of ambient water.  The entrainment is driven by the vector 

difference of the velocities of the effluent plume and momentum and buoyancy at the mouth of the 

discharge pipe.  As the effluent plume entrains ambient sea water, its diameter grows and the 

concentrations of constituents in the plume decrease rapidly.  The density of the plume will approach that 

of sea water.  When there is a density gradient, the effluent and ambient densities may become equal.  The 

point where this happens is termed the level of neutral buoyancy or the trap depth.  In the absence of a 

density gradient there is no trap depth, and the plume will reach the surface if it is positively buoyant, or the 

seabed if negatively buoyant.  The determination of when the plume impinges on the surface or seabed is a 

geometric one.  The model deems the surface or sea floor to have been reached when the distance from the 

plume centerline to the surface or sea floor becomes less than 78% of the plume radius.  The 78% allows 

for some deformation of the plume at impingement. 

 

Some of the effluent separates from the main part of the plume because of two mechanisms.  Particulates 

having some vertical velocity (because their density differs from that of sea water) migrate up or down 

from the main plume.  Ambient turbulence and turbulence created by the presence of the discharge pipe has 

been observed to cause separation of a part of the effluent from the main plume, at least when the 

densimetric Froude number of the discharge is less than 1.  There is a question, not yet resolved, whether or 

not turbulent separation applies for discharges having Froude numbers significantly more than 1.  The 
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densimetric Froude number is the ratio of plume momentum to buoyancy.  Small Froude numbers are the 

result of large differences of effluent density from ambient density and low discharge rates. Large Froude 

numbers arise from small density differences and high discharge rates. 

 

After initial dilution, the effluent plume will spread out (collapse) at its trap depth or at the surface or 

seabed if one of these was reached.  Collapse occurs only if there is a density gradient or if the plume 

density when it reaches the surface or seabed is significantly different from that of the surrounding ambient 

fluid.  The collapse phase is terminated when the plume’s spreading rate caused by density differences 

becomes less than the spreading rate associated with ambient turbulent dispersion. 

 

The dynamic and dispersive phases are coupled by a mass bookkeeping process that converts the mass flux 

within the dynamic plume to discrete clouds in the dispersive phase.  The initial dynamics calculations are 

saved at intervals forming a history of the dynamic plume.  Each interval is a potential source of clouds for 

the dispersive phase.  Depending on the characteristics of the particulates and of the effluent plume, some 

of the particulates will separate from the plume because of their differing density.  A small fraction of the 

particulates and some of the effluent fluid may separate from the main body of the plume because of 

turbulence near the discharge pipe.  In either case, the flux of these constituents from one interval to the 

next may change.  The flux change of each constituent as it passes through the interval determines the 

number and mass content of clouds created from that interval.  Any mass flux remaining at the end of the 

dynamic plume also acts as a source of clouds.  Visualize the dynamic plume as a leaky pipe composed of 

connected intervals, fixed in space, with a leak in each connection. The mass inflow to each interval and the 

leakage rate of that interval determines the flow passed on to the next interval.  Each leak in the pipe is a 

source of clouds to be passively dispersed. Clouds from any one interval always have the same initial 

position in space, but different creation times.  Sizes of the created clouds are based on the plume 

dimensions at the point they are created, together with the ambient current speed and the time interval 

between clouds.  Once a cloud is created, it is free to be advected and dispersed by local ambient currents 

and turbulence.  The mass distribution of each cloud is assumed to be Gaussian in three dimensions, a 

mathematically convenient form. 

 

The final computational phase is passive dispersion, applied separately to each constituent of the effluent.  

The only remaining dynamic property is the vertical velocity associated with each of its particulate 

constituents (e.g., solids or oil droplets).  Here, the effluent constituents are advected by ambient currents, 

dispersed by ambient turbulence, and migrate vertically according to their vertical velocity.  Horizontal 

dispersion of clouds is calculated using the 4/3 power law for oceanic dispersion (Fischer et al., 1979).  

This law says that the horizontal dispersion coefficient is proportional to the horizontal length scale of the 

dispersing substance, raised to the 4/3 power.  The dispersive phase calculations are organized around a 

simulation grid consisting of a rectangular region with its principal axes parallel to the cardinal directions 

of the compass (north-south, east-west).  The simulation grid is subdivided into contiguous, square cells.  

Clouds are advected until they are fully deposited on the sea floor (if they are settling solids) or carried 

outside the boundary of the simulation grid.  A single cloud of solid particles typically deposits its contents 

in a band paralleling the current direction. 

 

The concentrations of suspended particulates or of tracer or of the fluid portion of the effluent in the water 

column at any point are calculated by summing the contributions from individual clouds using the 

mathematical description for Gaussian clouds.  In practice, only the clouds near enough to the point to 

make a significant contribution are used in the calculation.  The OOC model organizes points into 

concentration profiles that lie on vertical lines extending from the water surface to the sea floor.  

Concentration profiles can be placed anywhere in the simulation grid. 

 

OOC model outputs are provided in plain text (ASCII) data files. so that results are portable between 

machines.  These files can be read by post-processing programs to prepare tabular or graphical data 

products. 

 

OOC model output has been used to produce: 

suspended solids and tracer concentration distributions through arbitrary cross-sections of the water 

column, 
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graphs of maximum concentration versus distance downcurrent, 

volume visualizations of iso-concentration surfaces, 

animations of effluent plumes in tidal currents, 

contour plots of solids deposited on the sea floor, 

graphs of deposition amounts versus sea floor area, 

graphs of maximum deposition as a function of distance, 

tables of specific contaminant concentrations as a function of distance. 
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Appendix B 

CORMIX Model Overview 

 
The Cornell Mixing Zone Expert System (CORMIX) is a software system (Doneker and Jirka, 1990; Jirka 

et al., 1996) for the analysis, prediction and design of aqueous toxic or conventional pollutant discharges 

into diverse water bodies.  It was developed under several cooperative funding agreements between Cornell 

University and the U.S. Environmental Protection Agency 

 

The CORMIX system uses a rule-based expert system approach to data input and processing.  The 

CORMIX system leads the user through a dialog, giving guidance as needed, while the user specifies the 

problem to be analyzed.  CORMIX consists of three subsystems: 

CORMIX1: analysis of submerged single port discharges 

CORMIX2:  analysis of submerged multi-port discharges (diffusers) 

CORMIX3:  analysis of buoyant surface discharges (from a canal) 

The basic CORMIX methodology relies on the assumption of steady ambient conditions.  However, recent 

versions also contain special routines for application to highly unsteady environments, such as tidal reversal 

conditions, in which transient recirculation and pollutant build-up effects can occur. 

 

The system’s major emphasis is on the initial mixing zone, but it also predicts for larger distances.  The 

system is intended for use in complying with water quality regulatory constraints.  CORMIX is presently 

used by the U.S. EPA for setting allowable effluent concentrations, including Gulf of Mexico produced 

water discharges. 

 

CORMIX divides the problem domain into a series of subregions.  Any single dilution problem will 

involve the linkage of several of these subregions to form a complete solution for the problem.  The choice 

of sub-regions is by a decision tree whose branches depend on critical values of several non-dimensional 

parameters.  A non-dimensional parameter is a grouping of dimensional values (e.g., discharge rate, current 

speed, water depth, etc) where the grouping is such that the grouping is dimensionless.  Dimensionless 

groupings commonly used in plume modeling include the Reynolds number, the densimetric Froude 

number and the stratification parameter.  CORMIX uses many others.  In many cases the critical values 

apply to asymptotic solutions the problems handled by the various subregions.  In general the equations 

solved in each sub-region are simplified. 

 

Indeed, CORMIX simplifies its task by restricting inputs to ideal cases:  constant water depth, constant 

current speed and direction, continuous discharges, etc.  CORMIX allows inputs for the following: 

Bounded channels: rivers, estuaries 

Unbounded channels: ocean, lakes 

Uniform current 

Three types to ambient density profiles 

Effluent is fluid only (no particles) 

Buoyant (positive, negative or neutral) 

CORMIX relies on the existence of a mixing zone.  A mixing zone is defined as a area or volume where 

numeric water quality criteria can be exceeded as long as acutely toxic conditions are prevented.  A mixing 

zone can be thought of as a limited area or volume where the initial dilution of a discharge occurs.  Water 

quality criteria apply at the boundary of the mixing zone, not within the mixing zone itself (course notes, 

EPA Mixing Model Workshop, 1998). 

 

CORMIX uses a flow classification system to guide its calculations.  Dimensional parameters related to the 

problem are input by the user (e.g.: ambient current speed, discharge flow rate or exit velocity, orifice 

diameter, water depth, ambient density, discharge density, etc).  From these, a series of length scales are 

calculated.  Typical length scales are:  jet-to-plume transition, jet/crossflow transition, plume/crossflow 

transition, jet/stratification transition, plume/stratification.  The non-dimensional ratios of these length 

scales are used to classify the mixing problem into one of 35 flow classes (for CORMIX1, single port 

outfalls).  The flow class is the basis for choosing appropriate computational modules for the problem at 
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hand.  Recent versions of the CORMIX system replaced some flow classes and modules with CORJET, an 

integral buoyant jet model (Jirka and Fong, 1981). 
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Executive Summary 
 

A previous report described the behavior of cool water plumes discharged from the Gulf 

Landing LNG gasification facility for the base case (20,000 m
3
/hr).  This report is a 

supplement to the base case report that presents the effects of increasing the discharge 

rate to 31,000 m
3
/hr (the expanded case).  The behaviors of the cool water plumes 

discharged from two types of outfall are covered: a vertical single port, and a 25 port 

diffuser.  The reader is referred to the base case report for details (Brandsma, 2003). 

 

For plumes issuing from a single port, increasing the discharge rate from 20,000 m
3
/hr to 

31,000 m
3
/hr (an increase of 55%) is predicted to increase the temperature deficiency ( t) 

at 100 m by 63% on average.  Plume thicknesses are expected to be reduced, on average, 

by 30% at 100 m.  Plume widths are expected to be increased, on average, by 18% at 

100 m.   

 

As with the base case, the diffuser performance degrades (provides less dilution) as the 

current direction goes from perpendicular to parallel to the diffuser.  The decline in 

performance, however, is weaker for the expanded case.  On average, the base case 

temperature deficiency went from 0.16 C for perpendicular flow to 2.36 C for parallel 

flow, an increase of 1475%.  The expanded case temperature deficiency, on average, 

went from 0.37 to 1.71 C, an increase of 462%.  So operating at the expanded case 

discharge rate, the diffuser performs less well for perpendicular currents and better for 

parallel currents, compared to the base case.  The mitigating effect for parallel currents is 

attributed to the increased exit velocity contributing to increased mixing. 

 

The report concludes with a caveat that computer models are approximate, especially for 

conditions postulated for the Gulf Landing outfall.  Careful laboratory experiments 

remain the best way to predict plume behavior under such conditions. 
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1 Introduction 

 

A previous report (“base case report”, Brandsma, 2003) analyzed the cool water plumes 

expected from the Gulf Landing LNG gasification facility with a “base case” discharge of 

20,000 m
3
/hr of sea water cooled 10.0 C (18 F) below the ambient temperature at the sea 

water intake structure.  This report provides supplemental information to characterize the 

cool water plumes expected for the “expanded case”.  The “expanded case” is expected to 

have a sea water discharge rate of 31,000 m
3
/hr and a temperature 10.0 C below the 

ambient temperature. 

 

The reader is referred to the previous report for discussions of the data used for modeling 

and the modeling procedures and tools.  The only difference in modeling inputs is the 

increased discharge rate.   

 

2 Results 

 

2.1 Expanded Case (31,000 m3/hr) Discharged from Single Port 

 

Temperature deficiency ( t), plume thickness on the sea floor and plume half-width 

predictions are summarized in Table 1 for distances 100 and 500 m downcurrent of the 

single port outfall.  Table 1 shows that temperature deficiencies at the two distances are 

not very sensitive to changes in current speed when the density gradient is zero 

(unstratified).  Some sensitivity of temperature deficiency is exhibited when the density 

gradient is 0.19 t/m.  The t hardly changes from 10 to 50 percentile current speeds and 

then increases significantly at the 90 percentile current speed.  Plume widths are sensitive 

at both distances, whether stratified or not.  When the current speed is 0.03 m/s (10 

percentile speed), the plume thickness increases from the 100 m to the 500 m distance.  

The plume thickness decreases from 100 to 500 m at the faster current speeds.  At the 

500 m distance, t decreases as the current speed increases, regardless of the density 

stratification. 

 

For the range of conditions in Table 1, hyprochloride concentrations will range from 0.07 

to 0.13 ppm at 100 m and from 0.048 to 0.085 ppm at 500 m. 
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Table 1 

Summary of Plume Behavior from Single Port Outfall for 

Expanded Case (31,000 m
3
/hr, T = 10 C) 

Current Distance = 100 m Distance = 500 m 

Speed 

(m/s) 

Per-

centile 

Density 

Gradient 

( t/m) 

T  

( C) 

Plume 

Thick-

ness (m) 

Plume 

Half-

Width 

(m) 

T  

( C) 

Plume 

Thick-

ness (m) 

Plume 

Half-

Width 

(m) 

0.030 10 0.0 4 0.7 806.6 0.96 1.5 1023.6 

0.097 50 0.0 1.43 2.0 154.4 1.14 1.3   305.7 

0.218 90 0.0 1.39 1.9   75.7 1.06 1.2   150.7 

         

0.030 10 0.19 1.63 0.9 630.8 1.11 1.5   863.0 

0.097 50 0.19 1.69 1.9 140.7 1.32 1.2   272.4 

0.218 90 0.19 2.65 1.9   39.4 1.70 0.9   126.7 

 

 

 

2.2 Expanded Case (31,000 m3/hr) Discharged from Diffuser 

 

Table 2 summarizes the plume properties (temperature deficiency, plume thickness on 

the sea floor and plume half-width) predicted when currents flow perpendicularly to the 

diffuser.   

 

 

Table 2 

Summary of Plume Behavior from 96 Meter Diffuser for Expanded Case 

(31,000 m
3
/hr, T = 10 C) and Currents Flowing Perpendicular to Diffuser 

Current Distance = 100 m Distance = 500 m 

Speed 

(m/s) 

Per-

centile 

Density 

Gradient 

( t/m) 

T  

( C) 

Plume 

Thick-

ness (m) 

Plume 

Half-

Width 

(m) 

T  

( C) 

Plume 

Thick-

ness (m) 

Plume 

Half-

Width 

(m) 

0.030 10 0.0 0.62   1.9 903.1 0.30   3.3 1132.7 

0.097 50 0.0 0.36   9.2 134.9 0.28   4.8   332.1 

0.218 90 0.0 0.07 17.0 176.4 0.06 13.5   245.8 

         

0.030 10 0.19 0.68   2.5 673.6 0.42   3.7   917.1 

0.097 50 0.19 0.38   9.8 117.5 0.30   5.1   290.7 

0.218 90 0.19 0.11 15.8 113.5 0.10 11.4  180.0 
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As currents at the Gulf Landing site can flow in all directions, the diffuser performance 

for the expanded flow was checked for currents flowing at 45  and 0  angles measured 

with respect to the diffuser axis.  A set of six runs was completed for each direction  

Tables 3 and 4 summarize the plume properties predicted by these additional sets of 

model runs. 

 

Table 3 

Summary of Plume Behavior from 96 Meter Diffuser for Expanded Case 

(31,000 m
3
/hr, T = 10 C) and Currents Flowing 45  from Diffuser Axis 

Current Distance = 100 m Distance = 500 m 

Speed 

(m/s) 

Per-

centile 

Density 

Gradient 

( t/m) 

T  

( C) 

Plume 

Thick-

ness (m) 

Plume 

Half-

Width 

(m) 

T  

( C) 

Plume 

Thick-

ness (m) 

Plume 

Half-

Width 

(m) 

0.030 10 0.0 0.64   1.8 897.0 0.38   3.3 1126.0 

0.097 50 0.0 0.42   8.1 130.8 0.33   4.1 327.2 

0.218 90 0.0 0.07 16.9 175.3 0.06 13.4 245.0 

         

0.030 10 0.19 0.71   2.4 668.0 0.44   3.6 914.4 

0.097 50 0.19 0.46   8.6 112.9 0.36   4.4 284.6 

0.218 90 0.19 0.11 15.6 110.3 0.10 11.1 178.1 

 

 

 

Table 4 

Summary of Plume Behavior from 96 Meter Diffuser for Expanded Case 

(31,000 m
3
/hr, T = 10 C) and Currents Flowing 0  from Diffuser Axis 

Current Distance = 100 m Distance = 500 m 

Speed 

(m/s) 

Per-

centile 

Density 

Gradient 

( t/m) 

T  

( C) 

Plume 

Thick-

ness (m) 

Plume 

Half-

Width 

(m) 

T  

( C) 

Plume 

Thick-

ness (m) 

Plume 

Half-

Width 

(m) 

0.030 10 0.0 0.82 1.5 857.3 0.46 2.8 1082.9 

0.097 50 0.0 0.64 5.6 123.8 0.50 2.8   315.5 

0.218 90 0.0 0.64 5.4   57.4 0.48 2.8   148.2 

         

0.030 10 0.19 0.91 2.0 638.6 0.54 3.0   884.5 

0.097 50 0.19 0.75 5.6 105.5 0.57 2.8   273.1 

0.218 90 0.19 6.47 0.5   58.2 3.39 0.4   135.1 

 

 

For a current flowing perpendicular to the diffuser, hyprochloride concentrations are 

expected to range from 0.0035 to 0.034 ppm.  For a current flowing at a 45  angle to the 

diffuser, hyprochloride concentrations are expected to range from 0.0035 to 0.036 ppm.  
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For a current flowing parallel to the diffuser, hyprochloride concentrations are expected 

to range from 0.032 to 0.32 ppm.  This last value is expected to occur about 1.56% of the 

time as discussed in section 4.2.3 of the base case report. 

 

The results presented in this report show for the expanded case that, most of the time, the 

diffuser does a better job of mixing the cool water effluent with the ambient sea water 

than does the single port.  As recommended for the base case the diffuser for the 

expanded case should be oriented so its axis lies approximately north-south.  Both the 

diffuser and the single port outfall, operating at the expanded case rate, cause the 

formation of a cool water lens on the sea floor under all conditions investigated. 

 

3 Discussion 

 

3.1 Effect of Change to Expanded Case Discharge Rate on Single Port Plume 

 

At the 31,000 m3/hr discharge rate, the range of temperature deficiencies predicted at 

100m is 1.39 to 2.65 C.  For the base case, the range was 0.92 to 1.11 C. 

 

It is possible to compare the expanded case and the base case results by comparing Table 

1 in this report with Table 3 in the base case report (Brandsma, 2003).  Increasing the 

discharge rate from 20,000 m
3
/hr to 31,000 m

3
/hr (an increase of 55%) is predicted to 

increase the temperature deficiency ( t) at 100 m and 500 m by 63% on average.  Plume 

thicknesses are expected to be reduced, on average, by 30% at 100 m and 13% at 500 m.  

Plume widths are expected to be increased, on average, by 18% at 100 m and by 11% at 

500 m.  The reduction of plume thickness when the discharge rate is increased is related 

to the increased temperature deficiency.  Lateral spreading of the plume leads to a thinner 

plume.  The driving force for lateral spreading of the plume is the density difference 

between the plume and the surrounding ambient water.  Lower plume temperatures 

associated with the increased discharge rate means a denser, faster spreading and thinner 

plume. 

 

The effects of increasing the discharge rate can be seen for each ambient condition by 

comparing Table 1 in this report with Table 3 in the base case report (Brandsma, 2003). 

 

The temperature deficiency ( t) of the lens formed from the single port is 1.1 to 1.5 C 

most of the time with t sometimes up to 2.7 C at the 100 m distance.  The 

corresponding hyprochloride concentrations on the sea floor are expected to be 0.055 to 

0.075 most of the time with occasional values up to 0.14 ppm on the sea floor.   

 

3.2 Effect of Change to Expanded Case Discharge Rate on Diffuser Plume 

 

As with the base case, the diffuser performance degrades (provides less dilution) as the 

current direction goes from perpendicular to parallel to the diffuser.  The decline in 

performance, however, is weaker for the expanded case.  On average, the base case 

temperature deficiency went from 0.16 C for perpendicular flow to 2.36 C for parallel 



Deepwater Port License Application Gulf Landing LLC

A-202October 2003 Environmental Review

 5

flow, an increase of 1475%.  The expanded case temperature deficiency, on average, 

went from 0.37 to 1.71 C, an increase of 462%.  So operating at the expanded case 

discharge rate, the diffuser performs less well for perpendicular currents and better for 

parallel currents, compared to the base case.  The mitigating effect for parallel currents is 

attributed to the increased exit velocity contributing to increased mixing. 

 

The effects of increasing the discharge rate with the diffuser can be seen for each ambient 

condition by comparing tables in this report with those in the base case report (Brandsma, 

2003), as follows: 

 

 This Report (Expanded Case)  Base Case Report (Brandsma, 2003) 

  Table 2    Table 5 

  Table 3    Table 6 

  Table 4    Table 7 

 

The poorest diffuser performance occurs for 90 percentile currents flowing parallel to the 

diffuser.  This is because the downstream ports entrain water issuing from the upstream 

ports.  In the base case, temperature deficiencies of 5.9 and 6.0 C were predicted at 

100 m for the 90 percentile, parallel currents for unstratified and stratified conditions, 

respectively.  Interestingly, in the expanded case the same conditions yield predicted 

temperature deficiencies of 0.64 and 6.47 C.  The expanded case provides much better 

dilution and an acceptable temperature deficiency when the water column is not 

stratified.  Why?  The difference is probably due to the combination of a significantly 

higher exit velocity (4.7 m/s vs 3.0 m/s) and the uniform density of the water column.  

Both act to allow the plume to occupy a larger fraction of the water column, and achieve 

a greater dilution as a result. 

 

As with the base case, the diffuser discharging at the expanded case rate can be expected 

to provide adequate dilution almost all the time, but occasional episodes of very low 

dilution can be expected.  The base case report discusses this issue in section 4.2.3. 

 

3.3 Far-Field Effects 

 

The visitation probability distributions calculated in the base case report apply to the 

expanded case as well.  Far-field dilutions are expected to be similar to those calculated 

for the base case.  In combination with the higher temperature deficiencies associated 

with the expanded case, the distribution of expected maximum temperatures can be 

expected to be somewhat higher than shown in Figures 24 and 25 of the base case report. 

 

3.4 Caveats 

 

The results reported here are not likely to change significantly if the location of the 

outfall is changed such that small variations of water depth occur. 

 

The two caveats from the base case report are repeated here.  First, as mentioned above, 

computer models have a tough time dealing with the discharge conditions described in 
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this report.  Careful laboratory experiments remain the best way to deal with such flows.  

Second, every CORMIX session report ends with these words: 

 

“REMINDER:  The user must take note that HYDRODYNAMIC MODELING by 

any known technique is NOT AN EXACT SCIENCE.  Extensive comparison with 

field and laboratory data has shown that the CORMIX predictions on dilutions and 

concentrations (with associated plume geometries) are reliable for the majority of 

cases and are accurate to within about +-50% (standard deviation).  As a further 

safeguard, CORMIX will not give predictions whenever it judges the design 

configuration as highly complex and uncertain for prediction.” 

 

The cool water plume is expected to always be located at the sea floor for the range of 

conditions investigated for the expanded discharge rate.  This, however, cannot be 

guaranteed by computer modeling.  As indicated above, CORMIX predictions are not 

exact.  If CORMIX has underestimated the amount of dilution that will occur, then the 

cool water plume densities have been overestimated.  This implies that trapping of the 

plume within the water column instead of on the sea floor is a possibility (because actual 

plume densities could be less than predicted). 

 

4 References 

 

Brandsma, M.G.  2003.  Analysis of Cool Water Outfall, Base Case: Gulf Landing LNG 

Gasification Project, Offshore Louisiana.  Report submitted to Continental Shelf 

Associates, Inc.  Jupiter, Florida.  48 p + appendices. 
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APPENDIX B 

 

ENTRAINMENT AND IMPINGEMENT 

MONITORING PROGRAM 
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ENTRAINMENT AND IMPINGEMENT 

MONITORING PROGRAM 

 
 
 Gulf Landing LLC recognizes that a monitoring plan should be established 
and implemented to estimate the impact of impingement and entrainment of marine 
organisms during the uptake of warming water.  The objective of this monitoring plan 
would be to estimate the levels of mortality to marine fisheries species (including 
ichthyoplankton) associated with the operation of the seawater intake.  
 
 The monitoring plan will contain the following elements: 
 

• Sampling at three depths, one below the level of seawater intakes, one at 
the level of seawater intakes, and one above the level of seawater 
intakes; 

 

• Collected samples will be passed through appropriate mesh sizes to 
separate three size fractions of organisms; 

 
- organisms that can avoid impingement and entrainment; 
- organisms that will be impinged on the screening covering the intake; 

and  
- organisms that will be entrained with the seawater as it moves 

through the screening.  
 

• Sampling will occur quarterly over a two-year period to ascertain seasonal 
and yearly variability; and 

 

• Organisms will be identified to the lowest practical identification level 
(LPIL).   

 
 Density of each taxon (individuals per unit volume of seawater) will be 
computed, and levels of mortality will be estimated based on densities of the taxa and 
volumes of water passing into the seawater intake. 
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APPENDIX C 
 

AIR QUALITY MODELING 
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Shell Gulf Landing LNG Project Air Emissions 
CALPUFF v.5.7 Modeling 

Gravity Based Structure Air Emissions 
With SOLAR Titan 130 Turbines 

 
 

To estimate the onshore environmental impacts of air emissions from the proposed Shell 
Gulf Landing LNG Project, a Lagrangian atmospheric dispersion model was exercised in 
the so-called “screening” mode. The conservative screening approach is believed to 
result in the over prediction of impacts. Results from the screening procedure are then 
compared to the Environmental Protection Agency’s (EPA) Modeling Significance Levels 
to determine if more “refined” modeling would be required. 
 
The non-steady state CALPUFF/CALMET/CALPOST (version 5.7, level 030402) 
modeling system, (http://www.src.com/calpuff/calpuff1.htm), was utilized. The CALPUFF 
modeling system has three main components: CALMET (a diagnostic three dimensional 
meteorological model), CALPUFF (the transport and dispersion model), and CALPOST 
(a post processing package). CALPUFF has been adopted by the EPA as the preferred 
technique for assessing long range transport of pollutants and their impacts on Federal 
Class I areas (68 Federal Register 18439 – 18482, April 15, 2003). The adoption is 
codified in Appendix A of the Guideline on Air Quality Models (published as Appendix 
W of 40 CFR Part 51). CALPUFF is also under consideration by the Department of 
Interior’s (DOI) Minerals Management Service (MMS) as a regulatory model. 
 
The modeling approach used is found in the Guide for Applying the EPA Class I 
Screening Methodology with the CALPUFF Modeling System (Earth Tech, Inc., 
January 2002). This methodology is referred to as “CALPUFF-lite” because it bypasses 
the need to generate a full 3-D wind field with CALMET. Instead, an Industrial Source 
Complex Short Term (ISCST3) single station meteorological field is used. The nearest 
EPA Class I area, the Breton National Wilderness Area (BNWA), is 245 statute miles 
(394 kilometers) NE of the project location. Since the BNWA is beyond 200 km from the 
project, no review of the project’s emissions will likely be required. All other areas 
onshore are considered to be EPA Prevention of Significant Deterioration (PSD) Class II 
areas. EPA has set PSD Class II Increments for PM10 , SO2 , and NO2 . 
 
Shell Gulf Landing LNG Project air emissions were quantified using a Microsoft Excel 
Workbook developed by the Gulf of Mexico offshore oil industry and the MMS 
(http://www.gomr.mms.gov/homepg/regulate/environ/airquality/Docd_aq.xls). Project Air 
Emission Computation Factors and Air Emission Calculations workbook worksheets are 
on the following four pages.  Flare and fugitive emissions were included; however, they 
were not modeled because of their very small contribution to modeled sources on a year 
round basis. The flare emissions are based on 2% of downtime per year (8 days) with 4 
mmscf/d of boil off gas being flared (0.1% wt/d of storage capacity). Also not modeled 
are crane, emergency firewater pump drivers, standby natural gas turbine, and 
emergency generator emissions that are in operation only a very small portion of the 
operating year. Mobile operations (LNG Carrier and Tug Boats) emissions are detailed 
on the third worksheet. Note the use of load factors for tug boat operations which have 
been applied in the calculation of the estimated tons per year of the criteria emissions. 
The fourth worksheet contains the detailed calculations of emissions from the 
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AIR EMISSION CUMPUTATION FACTORS

Fuel Usage Conversion Factors Natural Gas Turbines Natural Gas Engines Diesel Recip. Engine REF. DATE

SCF/hp-hr 9.524 SCF/hp-hr 7.143 GAL/hp-hr 0.0483 AP42 3.2-1 4/76 & 8/84

Equipment/Emission Factors Units PM SOx NOx VOC CO REF. DATE

SOLAR Titan 130-19501S Turbine gms/hp-hr 0.18771 0.01517 0.40134 0.0139 0.48856 Vendor Estimate Sep-03

NG 2-cycle lean gms/hp-hr 0.00185 10.9 0.43 1.5 AP42 3.2-1 10/96

NG 4-cycle lean gms/hp-hr 0.00185 11.8 0.72 1.6 AP42 3.2-1 10/96

NG 4-cycle rich gms/hp-hr 0.00185 10 0.14 8.6 AP42 3.2-1 10/96

 

Diesel Recip. < 600 hp. gms/hp-hr 1 1.468 14 1.12 3.03 AP42 3.3-1 10/96

Diesel Recip. > 600 hp. gms/hp-hr 0.32 1.468 11 0.33 2.4 AP42 3.4-1 10/96

Diesel Boiler lbs/bbl 0.084 2.42 0.84 0.008 0.21 AP42 1.3-12,14 9/98

 

NG Heaters/Boilers/Burners lbs/mmscf 7.6 0.593 100 5.5 84 P42 1.4-1, 14-2, & 14 7/98

NG Flares lbs/mmscf 0.593 71.4 60.3 388.5 AP42 11.5-1   9/91

Liquid Flaring lbs/bbl 0.42 6.83 2 0.01 0.21 AP42 1.3-1 & 1.3-3 9/98

Tank Vapors lbs/bbl 0.03 E&P Forum  1/93

Fugitives lbs/hr/comp. 0.0005 API Study  12/93

Glycol Dehydrator Vent lbs/mmscf 6.6 La. DEQ 1991

Gas Venting lbs/scf 0.0034

Sulfur Content Source Value Units

Fuel Gas 3.33 ppm

Diesel Fuel 0.4 % weight

Produced Gas( Flares) 3.33 ppm

Produced Oil (Liquid Flaring) 1 % weight

LNG Tanker Steam Turbine 1 NOx VOC CO SOx 2 PM Units Fuel Consumption (GAL/hr)

Hotelling (700 liters/hr) 3.06 0.27 0 0.61 0.84 kg/hr 185

Maneuver (3,850 liters/hr) 25.8 0.32 1.59 3.31 9.24 kg/hr 1017

Full Power (7,000 liters/hr) 53.41 1.44 6.1 6.01 47.46 kg/hr 1849

1 Reference: Gulf of Mexico Air Quality Study, Final Report, Volume III: Inventory Preparation, Appendices N-P, OCS Study MMS 95-0040, Table C-1, page N-89.
2 Assuming 4.5% sulfur in heavy residual fuel oil
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AIR EMISSION CALCULATIONS - FIRST YEAR

COMPANY AREA BLOCK LEASE PLATFORM WELL                      CONTACT   PHONE REMARKS

Shell Gulf Landing LNG Re West Cameron 213           

OPERATIONS EQUIPMENT RATING MAX. FUEL ACT. FUEL RUN TIME MAXIMUM POUNDS PER HOUR ESTIMATED TONS (Load Factors Applied )

Diesel En gines HP GAL/HR GAL/D

Nat. Gas En gines HP SCF/H R SCF/D

Burners MMBTU/HR SCF/H R SCF/D HR/D DAYS PM SOx NOx VOC CO PM SOx NOx VOC CO

CONSTRUCTION / INSTALLATION    

GBS Installation
Construction at Tug Boat >600hp diesel (10% load) 12000 579.6 13910.40 4 10 8.46 38.80 290.75 8.72 63.44 0.02 0.08 0.58 0.02 0.13

Graving Dock Tug Boat >600hp diesel (10% load) 12000 579.6 13910.40 4 10 8.46 38.80 290.75 8.72 63.44 0.02 0.08 0.58 0.02 0.13

Tug Boat >600hp diesel (10% load) 12000 579.6 13910.40 4 10 8.46 38.80 290.75 8.72 63.44 0.02 0.08 0.58 0.02 0.13

Tug Boat >600hp diesel (10% load) 12000 579.6 13910.40 4 10 8.46 38.80 290.75 8.72 63.44 0.02 0.08 0.58 0.02 0.13

Tug Boat >600hp diesel (10% load) 9000 434.7 10432.80 4 10 6.34 29.10 218.06 6.54 47.58 0.01 0.06 0.44 0.01 0.10

Transporting Tug Boat >600hp diesel (75% load) 12000 579.6 13910.40 24 21 8.46 38.80 290.75 8.72 63.44 1.60 7.33 54.95 1.65 11.99
Caissons to the Tug Boat >600hp diesel (75% load) 12000 579.6 13910.40 24 21 8.46 38.80 290.75 8.72 63.44 1.60 7.33 54.95 1.65 11.99
Offshore Terminal Tug Boat >600hp diesel (75% load) 12000 579.6 13910.40 24 21 8.46 38.80 290.75 8.72 63.44 1.60 7.33 54.95 1.65 11.99

Location Tug Boat >600hp diesel (75% load) 12000 579.6 13910.40 24 21 8.46 38.80 290.75 8.72 63.44 1.60 7.33 54.95 1.65 11.99

Tug Boat >600hp diesel (50% load) 9000 434.7 10432.80 24 21 6.34 29.10 218.06 6.54 47.58 0.80 3.67 27.48 0.82 5.99

Positioning and Tug Boat >600hp diesel (60% load) 12000 579.6 13910.40 24 15 8.46 38.80 290.75 8.72 63.44 0.91 4.19 31.40 0.94 6.85

Holding Caissons Tug Boat >600hp diesel (60% load) 12000 579.6 13910.40 24 15 8.46 38.80 290.75 8.72 63.44 0.91 4.19 31.40 0.94 6.85

While They are Tug Boat >600hp diesel (60% load) 12000 579.6 13910.40 24 15 8.46 38.80 290.75 8.72 63.44 0.91 4.19 31.40 0.94 6.85

Installed Tug Boat >600hp diesel (60% load) 12000 579.6 13910.40 24 15 8.46 38.80 290.75 8.72 63.44 0.91 4.19 31.40 0.94 6.85

Tug Boat >600hp diesel (60% load) 9000 434.7 10432.80 24 15 6.34 29.10 218.06 6.54 47.58 0.69 3.14 23.55 0.71 5.14

Solid Ballast Installation
Standby While Tug Boat >600hp diesel (10% load) 3600 173.88 4173.12 14 45 2.54 11.64 87.22 2.62 19.03 0.08 0.37 2.75 0.08 0.60

Supporting Solid Tug Boat >600hp diesel (10% load) 3600 173.88 4173.12 14 45 2.54 11.64 87.22 2.62 19.03 0.08 0.37 2.75 0.08 0.60

Ballast Installation Tug Boat >600hp diesel (10% load) 3600 173.88 4173.12 14 45 2.54 11.64 87.22 2.62 19.03 0.08 0.37 2.75 0.08 0.60

Working to Support Tug Boat >600hp diesel (80% load) 3600 173.88 4173.12 10 45 2.54 11.64 87.22 2.62 19.03 0.46 2.10 15.70 0.47 3.43

Solid Ballast Tug Boat >600hp diesel (80% load) 3600 173.88 4173.12 10 45 2.54 11.64 87.22 2.62 19.03 0.46 2.10 15.70 0.47 3.43

Installation Tug Boat >600hp diesel (80% load) 3600 173.88 4173.12 10 45 2.54 11.64 87.22 2.62 19.03 0.46 2.10 15.70 0.47 3.43

Scour Protection Installation
Scour Protection Tug Boat >600hp diesel (10% load) 4200 202.86 4868.64 12 45 2.96 13.58 101.76 3.05 22.20 0.08 2.24 2.75 0.08 0.60

Installation Standby Tug Boat >600hp diesel (80% load) 4200 202.86 4868.64 12 45 2.96 13.58 101.76 3.05 22.20 0.64 2.93 21.98 0.66 4.80

and Working

Scour Protection Small Lift Vessel/Derrick Barge 10000 483 11592.00 24 45 7.05 32.33 242.29 7.27 52.86 3.81 17.46 130.84 3.93 28.55
Installation - Derrick (100% load)

Barge

Ancillar y Structure Installation
Ancillary Structure Small Lift Vessel/Derrick Barge 10000 483 11592.00 24 15 22.03 32.33 308.37 24.67 66.74 3.96 5.82 55.51 4.44 12.01

Installation - Derrick (100% load)

Barge

Suppl y Vessel
Supply Vessel Supply Vessel >600hp diesel (10% load) 3600 173.88 4173.12 12 32 2.54 11.64 87.22 2.62 19.03 0.05 0.22 1.67 0.05 0.37

Standby and WorkingSup.Vessel >600hp diesel (75% load) 3600 173.88 4173.12 12 32 2.54 11.64 87.22 2.62 19.03 0.37 1.68 12.56 0.38 2.74

PIPELINE INSTALLATION
Installation of Five Tug Boat >600hp diesel (10% load) 5600 270.48 6491.52 16 165 3.95 18.11 135.68 4.07 29.60 0.52 2.39 17.91 0.54 3.91

Natural Gas Tug Boat >600hp diesel (10% load) 4200 202.86 4868.64 16 165 2.96 13.58 101.76 3.05 22.20 0.39 1.79 13.43 0.40 2.93

Takeaway Pipelines Tug Boat >600hp diesel (75% load) 5600 270.48 6491.52 8 165 3.95 18.11 135.68 4.07 29.60 1.95 8.96 67.16 2.01 14.65

Tug Boat >600hp diesel (75% load) 4200 202.86 4868.64 8 165 2.96 13.58 101.76 3.05 22.20 1.47 6.72 50.37 1.51 10.99

Installation of Five Derrick Barge (100% load) 15000 724.5 17388.00 24 165 10.57 48.50 363.44 10.90 79.30 20.93 96.03 719.60 21.59 157.00
Natural Gas

Takeaway Pipelines

2003 YEAR TOTAL 200.21 849.76 6433.48 208.42 1403.13 47.39 206.91 1548.33 49.23 337.72
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AIR EMISSION CALCULATIONS - FIRST YEAR

COMPANY AREA BLOCK LEASE PLATFORM WELL                      CONTACT   PHONE REMARKS

Shell Gulf Landing LNG RWest Cameron 213           

OPERATIONS EQUIPMENT RATING MAX. FUEL ACT. FUEL RUN TIME MAXIMUM POUNDS PER HOUR ESTIMATED TONS

Diesel Engines HP GAL/HR GAL/D

Nat. Gas Engines HP SCF/HR SCF/D

Burners MMBTU/HR SCF/HR SCF/D HR/D DAYS PM SOx NOx VOC CO PM SOx NOx VOC CO

   

PRODUCTION Crane <600hp diesel 338 16.3254 391.81 1 52 0.74 1.09 10.42 0.83 2.26 0.02 0.03 0.27 0.02 0.06

Crane <600hp diesel 338 16.3254 391.81 1 52 0.74 1.09 10.42 0.83 2.26 0.02 0.03 0.27 0.02 0.06

Crane <600hp diesel 338 16.3254 391.81 1 52 0.74 1.09 10.42 0.83 2.26 0.02 0.03 0.27 0.02 0.06

Emergency FW Driver - 1100 hp 1100 53.13 1275.12 1 52 0.78 3.56 26.65 0.80 5.81 0.02 0.09 0.69 0.02 0.15

Emergency FW Driver - 1100 hp 1100 53.13 1275.12 1 52 0.78 3.56 26.65 0.80 5.81 0.02 0.09 0.69 0.02 0.15

SOLAR Titan 130-19501S Axial 16400 156193.6 3748646.40 24 365 6.78 0.55 14.50 0.50 17.65 29.70 2.40 63.50 2.20 77.30

SOLAR Titan 130-19501S Axial 16400 156193.6 3748646.40 24 365 6.78 0.55 14.50 0.50 17.65 29.70 2.40 63.50 2.20 77.30

SOLAR Titan 130-19501S Axial 16400 156193.6 3748646.40 24 8 6.78 0.55 14.50 0.50 17.65 0.65 0.05 1.39 0.05 1.69

Sales Gas Heater - Natural Gas 20 19047.619 457142.86 24 365 0.14 0.01 1.90 0.10 1.60 0.63 0.05 8.34 0.46 7.01

Emergency Generator - 1100 hp 1100 53.13 1275.12 24 8 0.78 3.56 26.65 0.80 5.81 0.07 0.34 2.56 0.08 0.56

Emergency Generator - 1100 hp 1100 53.13 1275.12 24 8 0.78 3.56 26.65 0.80 5.81 0.07 0.34 2.56 0.08 0.56

MISC. BPD SCF/HR COUNT

TANK- 1 0 365 0.00 0.01  

FLARE- 166667 24 8 0.10 11.90 10.05 64.75  0.01 1.14 0.96 6.22

PROCESS VENT-     0.00      0.00  

FUGITIVES- 20000.0 365 10.00 43.80  

2003 YEAR TOTAL 25.82 19.26 195.17 27.36 149.32 60.93 5.87 145.19 49.94 171.11
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AIR EMISSION CALCULATIONS - FIRST YEAR

COMPANY AREA BLOCK LEASE PLATFORM WELL                      CONTACT   PHONE REMARKS

Shell Gulf Landing LNG RWest Cameron 213           

OPERATIONS EQUIPMENT RATING MAX. FUEL ACT. FUEL RUN TIME MAXIMUM POUNDS PER HOUR ESTIMATED TONS (Load Factors Applied )

Diesel En gines HP GAL/HR GAL/D

Nat. Gas En gines HP SCF/H R SCF/D

Burners MMBTU/HR SCF/H R SCF/D HR/D DAYS PM SOx NOx VOC CO PM SOx NOx VOC CO

MOBILE OPERATIONS    

LNG CARRIER LNGC Approach 90% vap., 10% RFO 89 84761.90 2034285.71 2 135 0.64 0.05 8.48 0.47 7.12 0.08 0.01 1.03 0.06 0.96

LNGC Berthing 90% vap., 10% RFO 89 84761.90 2034285.71 3 135 0.64 0.05 8.48 0.47 7.12 0.12 0.01 1.54 0.08 1.44

LNGC Unloading Prep 100% vap. 89 84761.90 2034285.71 2 135 0.64 0.05 8.48 0.47 7.12 0.08 0.01 1.03 0.06 0.96

LNGC Unloading 100% RFO 34980 185 4440.00 14 135 1.85 1.34 6.73 0.59 0.00 1.75 1.27 6.36 0.56 0.00

LNGC Departure Prep 100% vap. 89 84761.90 2034285.71 5 135 0.64 0.05 8.48 0.47 7.12 0.20 0.02 2.57 0.14 2.40

LNGC to Pilot Station 90% vap., 10% RFO 89 84761.90 2034285.71 3 135 0.64 0.05 8.48 0.47 7.12 0.12 0.01 1.54 0.08 1.44

LNGC Dismissed 90% vap., 10% RFO 89 84761.90 2034285.71 2 135 0.64 0.05 8.48 0.47 7.12 0.08 0.01 1.03 0.06 0.96

TUG BOATS LNGC Approach
Approach Facility Tug Boat >600hp diesel (80% load) 10000 483 11592.00 4 135 7.05 32.33 242.29 7.27 52.86 1.52 6.98 52.33 1.57 11.42

Tug Boat >600hp diesel (80% load) 10000 483 11592.00 4 135 7.05 32.33 242.29 7.27 52.86 1.52 6.98 52.33 1.57 11.42

Tug Boat >600hp diesel (80% load) 10000 483 11592.00 4 135 7.05 32.33 242.29 7.27 52.86 1.52 6.98 52.33 1.57 11.42

Tug Boat >600hp diesel (80% load) 10000 483 11592.00 4 135 7.05 32.33 242.29 7.27 52.86 1.52 6.98 52.33 1.57 11.42

Idling Tug Boat >600hp diesel (10% load) 10000 483 11592.00 1 135 7.05 32.33 242.29 7.27 52.86 0.05 0.22 1.64 0.05 0.36

Tug Boat >600hp diesel (10% load) 10000 483 11592.00 1 135 7.05 32.33 242.29 7.27 52.86 0.05 0.22 1.64 0.05 0.36

Tug Boat >600hp diesel (10% load) 10000 483 11592.00 1 135 7.05 32.33 242.29 7.27 52.86 0.05 0.22 1.64 0.05 0.36

Tug Boat >600hp diesel (10% load) 10000 483 11592.00 1 135 7.05 32.33 242.29 7.27 52.86 0.05 0.22 1.64 0.05 0.36

LNGC Berthin g
Escort LNGC Tug Boat >600hp diesel (50% load) 10000 483 11592.00 1 135 7.05 32.33 242.29 7.27 52.86 0.24 1.09 8.18 0.25 1.78

Tug Boat >600hp diesel (50% load) 10000 483 11592.00 1 135 7.05 32.33 242.29 7.27 52.86 0.24 1.09 8.18 0.25 1.78
Connect Towlines Tug Boat >600hp diesel (75% load) 10000 483 11592.00 2 135 7.05 32.33 242.29 7.27 52.86 0.71 3.27 24.53 0.74 5.35

Tug Boat >600hp diesel (75% load) 10000 483 11592.00 2 135 7.05 32.33 242.29 7.27 52.86 0.71 3.27 24.53 0.74 5.35

Tug Boat >600hp diesel (75% load) 10000 483 11592.00 2 135 7.05 32.33 242.29 7.27 52.86 0.71 3.27 24.53 0.74 5.35

Standby Tug Boat >600hp diesel (10% load) 10000 483 11592.00 2 135 7.05 32.33 242.29 7.27 52.86 0.24 1.09 8.18 0.25 1.78

LNGC Unloadin g Preparation
Dismissed Tug Boat >600hp diesel (80% load) 10000 483 11592.00 4 135 7.05 32.33 242.29 7.27 52.86 1.52 6.98 52.33 1.57 11.42

Tug Boat >600hp diesel (80% load) 10000 483 11592.00 4 135 7.05 32.33 242.29 7.27 52.86 1.52 6.98 52.33 1.57 11.42

Tug Boat >600hp diesel (80% load) 10000 483 11592.00 4 135 7.05 32.33 242.29 7.27 52.86 1.52 6.98 52.33 1.57 11.42

Standby Tug Boat >600hp diesel (10% load) 10000 483 11592.00 19 135 7.05 32.33 242.29 7.27 52.86 0.90 4.15 31.07 0.93 6.78

LNGC Departure Preparation
Approach Facility Tug Boat >600hp diesel (80% load) 10000 483 11592.00 4 135 7.05 32.33 242.29 7.27 52.86 1.52 6.98 52.33 1.57 11.42

Tug Boat >600hp diesel (80% load) 10000 483 11592.00 4 135 7.05 32.33 242.29 7.27 52.86 1.52 6.98 52.33 1.57 11.42

Idling Tug Boat >600hp diesel (10% load) 10000 483 11592.00 1 135 7.05 32.33 242.29 7.27 52.86 0.05 0.22 1.64 0.05 0.36

Tug Boat >600hp diesel (10% load) 10000 483 11592.00 1 135 7.05 32.33 242.29 7.27 52.86 0.05 0.22 1.64 0.05 0.36

Unberthing Tug Boat >600hp diesel (60% load) 10000 483 11592.00 1 135 7.05 32.33 242.29 7.27 52.86 0.29 1.31 9.81 0.29 2.14

Tug Boat >600hp diesel (60% load) 10000 483 11592.00 1 135 7.05 32.33 242.29 7.27 52.86 0.29 1.31 9.81 0.29 2.14

Tug Boat >600hp diesel (60% load) 10000 483 11592.00 1 135 7.05 32.33 242.29 7.27 52.86 0.29 1.31 9.81 0.29 2.14

Dismissed Tug Boat >600hp diesel (80% load) 10000 483 11592.00 4 135 7.05 32.33 242.29 7.27 52.86 1.52 6.98 52.33 1.57 11.42

Tug Boat >600hp diesel (80% load) 10000 483 11592.00 4 135 7.05 32.33 242.29 7.27 52.86 1.52 6.98 52.33 1.57 11.42

LNGC to Pilot Station
Escort LNGC Tug Boat >600hp diesel (50% load) 10000 483 11592.00 1 135 7.05 32.33 242.29 7.27 52.86 0.24 1.09 8.18 0.25 1.78
Dismissed Tug Boat >600hp diesel (80% load) 10000 483 11592.00 4 135 7.05 32.33 242.29 7.27 52.86 1.52 6.98 52.33 1.57 11.42

Tug Boat Essen. Gen.<600 hp 500 24.15 579.60 14 135 1.10 1.62 15.42 1.23 3.34 1.04 1.53 14.57 1.17 3.15

Tug Boat Essen. Gen.<600 hp 500 24.15 579.60 14 135 1.10 1.62 15.42 1.23 3.34 1.04 1.53 14.57 1.17 3.15

Tug Boat Essen. Gen.<600 hp 500 24.15 579.60 14 135 1.10 1.62 15.42 1.23 3.34 1.04 1.53 14.57 1.17 3.15

Tug Boat Essen. Gen.<600 hp 500 24.15 579.60 14 135 1.10 1.62 15.42 1.23 3.34 1.04 1.53 14.57 1.17 3.15

SUPPLY VESSEL Supply Vessel>600hp diesel 3120 150.696 3616.70 6 52 2.20 10.09 75.59 2.27 16.49 0.34 1.57 11.79 0.35 2.57

Sup.Vessel @Idle>600hp diesel 1040 50.232 1205.57 8 52 0.73 3.36 25.20 0.76 5.50 0.15 0.70 5.24 0.16 1.14

2003 YEAR TOTAL 217.46 959.27 7246.49 222.14 1611.10 30.48 117.09 895.08 30.36 200.06
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construction and installation of the gravity based structure and the installation of 
pipelines Mobile and construction/pipeline installation operations were also not modeled. 
 
The default emission factors for natural gas turbines in the Microsoft Excel Workbook 
have been changed to those supplied by the SOLAR Titan 130-19501S Axial turbine 
manufacturer.  The Air Emission Calculations worksheet contains a distance-from-shore 
“exemption calculation.” MMS uses the calculation to determine if air dispersion 
modeling would be required to obtain approval of a proposed offshore project’s 
Development Operations Coordination Document. Note that none of the estimated  
yearly emissions exceed the calculation. 
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Hourly surface and upper-air meteorological data was obtained from the EPA’s Support 
Center for Regulatory Modeling (SCRAM) on EPA’s Technical Transfer Network website 
(http://www.epa.gov/scram001/tt24.htm). The National Weather Service (NWS) station at 
the Lake Charles Regional Airport was the source of the meteorological data. NWS 
Station Number LA03937 is located at 30.117 degrees N latitude and 93.217 degrees W 
longitude in Greenwich Mean Time (GMT) Zone 6. Station elevation is 4.6 m. The latest 
full year of ASCII data for both the surface and twice daily radiosonde soundings was 
1991. The ASCII data file was expanded using the program MET144.EXE to output data 
in the NWS CD144 format. Finally, the CD144 data was converted into the ISCST3 data 
file by the “CALPUFF-RAMMET” program CPRAMMET.EXE contained in the CALPUFF 
modeling suite. Output from CPRAMMET was the meteorological data file input to the 
CALPUFF modeling. 
 
The Air Emissions Calculation worksheet was used to determine the maximum pounds 
per hour of SO2 , PM10 , and NO2 being emitted by the major sources on the proposed 
gravity based facility. Using these numbers gives the emitting sources so-called “worst 
case” emissions, as if the source was operating 24-hrs per day, 365 days per year, at 
100% load. Because of this “worst case” approach, small temporary emitting sources 
were not included in the screening CALPUFF modeling. These sources included diesel 
crane engines, emergency firewater pump diesel engines, standby SOLAR Titan 130 – 
19501S Axial turbine, and emergency diesel generator sources. Three emitting sources 
included in the modeling were as follows: 
  
 P1 SOLAR Titan 130 - 19501S Axial Turbine 
 P2 SOLAR Titan 130 - 19501S Axial Turbine 
 P3  Sales Gas Heater 
  
In CALPUFF, the modeling grid was centered on the proposed Shell gravity based 
structure in WC Block 213. Two rings of discrete receptors (one degree separation) with 
radii of 37.6 and 72.7 miles were included. The entire modeling domain is 170 x 170 km. 
The structure is centered at X = 0 km and Y = 0 km and the grid origin is at X = -170 km 
and Y = -170 km. The discrete receptor No. 360 (X = 0.000 km and Y = 60.500 km) 
represents the nearest onshore location, while receptor No. 720 (X = 0.000 km and Y = 
117.000 km) represents due N beyond Lake Charles, Louisiana. 
 
CALPUFF was exercised with the three emitting sources every hour for the entire year 
(8760 hours) of 1991. The CALPOST model (version 5.4, level 030402) was used to 
determine peak SO2 values for 1-hr / 3-hr / 24-hr / Annual averages; peak NO2 values 
for 1-hr and Annual averages; and peak PM10 values for 1-hr / 24-hr / Annual averages, 
for all discrete receptors (720). 
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CALPUFF/CALPOST Modeling Results  

 
Attached on CD are the following input and output files used in the subject modeling: 
 

Air Emissions Calculations Workbook (GulfLanding_LNG_Terminal_Air 
Emissions_GBS_Rev1.xls – 361 KB) 
Air Emissions Calculations Workbook (GulfLanding_LNG_Terminal_Air 
Emissions_Mobile.xls – 410 KB) 
Air Emissions Calculations Workbook (GulfLanding_LNG_Terminal_Air 
Emissions_Construction.xls – 396 KB)  

 CALPUFF ISCST3 Meteorological Data (wc182.met – 428 KB) 
 CALPUFF Input Data (WC213NOX.INP – 118 KB) 
 CALPUFF Model Setup List File (WC213LONOXPUFVIS.LST – 311 KB) 
 CALPUFF Output Data (WC213LONOXCONC.DAT– 28,174 KB) 
 CALPOST SO2 Input Data (WCNOXSO.INP – 20 KB) 
 CALPOST NO2 Input Data (WCNOXNO.INP – 20 KB) 
 CALPOST PM10 Input Data (WCNOXPM.INP – 20 KB) 
 CALPOST SO2 Output Data (WCLONOXSO.LST – 231 KB) 
 CALPOST NO2 Output Data (WCLONOXNO.LST – 143 KB) 
 CALPOST PM10 Output Data (WCLONOXPM.LST – 187 KB) 
 Shell Gulf Landing LNG CALPUFF Modeling Report_GBS_Titan130.doc 107 KB 
 
Some of the files are too large to be read with Microsoft Notepad but can be read in 
Microsoft WordPad or Microsoft Word. The following are regulatory thresholds for the 
subject air pollutants modeled: 
 
 
EPA -  National Ambient Air Quality Standards (NAAQS) 
 
 PM10 Annual  50 micrograms per cubic meter ( µg/m3 ) 
  24-hr  150 
 
 SO2 Annual  80 
  24-hr  365 
 
 NO2 Annual  100 
 
 
EPA - Class 2 PSD Increments 
 
 PM10 Annual  17 µg/m3 
  24-hr  30 
 
 SO2 Annual  20 
  24-hr  91 
  3-hr  512 
 
 NO2 Annual  25 
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EPA - Modeling Significance Levels 
 
 PM10 Annual  1 µg/m3 
  24-hr  5 
 
 SO2 Annual  1 
  24-hr  5 
  3-hr  25 
 
 NO2 Annual  1 
 
 
CALPUFF/CALPOST modeling results for the particular case are as follows: 
 
SO2 Highest 1-hr Average 
 Receptor No. 360 1.0825E-02 µg/m3 
 Receptor No. 720 3.4469E-03 
 
SO2 Highest 3-hr Average (Modeling Significance Level = 25) 
 No. 360 8.5246E-03 
 No. 720 3.1477E-03 
 
SO2 Highest 24-hr Average (Modeling Significance Level = 5) 
 No. 360 2.3355E-03 
 No. 720 1.0012E-03 
 
SO2 Annual Average (Modeling Significance Level = 1) 
 No. 360 2.3434E-04 
 No. 720 9.1770E-05 
 
NO2 Highest 1-hr Average 
 No. 360  3.0351E-01 
 No. 720 9.5819E-02 
 
NO2 Annual Average (Modeling Significance Level = 1) 
 No. 360 6.6370E-03 
 No. 720 2.5685E-03 
 
PM10 Highest 1-hr Average 
 No. 360 1.3363E-01 
 No. 720 4.2542E-02 
 
PM10 Highest 24-hr Average (Modeling Significance Level = 5) 
 No. 360 2.8837E-02 
 No. 720 1.2360E-02 
 
PM10 Annual Average 
 No. 360 2.8935E-03 
 No. 720 1.1328E-03 
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These modeling results should be rounded to two significant digits, since air pollution 
monitoring equipment is not capable of measuring pollutants at such low detectable 
limits. These results show that the closest value to a regulatory threshold is the NO2 
Modeling Significance for the Annual Average (1 microgram per cubic meter) and 
receptor No. 360’s annual average of 0.007 micrograms per cubic meter. 
 
A point of caution is in order, the screening model approach used only one somewhat 
distant “onshore” surface and upper-air meteorological station. When any future refined 
modeling is conducted, it will be run with CALMET utilizing many offshore MET data, 
which will greatly influence the wind fields to better reflect air dispersion over the Gulf of 
Mexico. The refined modeling will also utilize numerous meteorological stations near the 
coastline to define the complex wind fields involved with land and sea breezes. 
 
 
Brian E. Shannon 

b.e.shannon/ENVIRONMENT.Consultant 

Principal Environmental Scientist 
2915 Sunset Ridge 
McKinney, Texas 75070-4217 
972.542.9622 
b.e.shannon@att.net 
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